PROCESS TO SELECTIVELY RECOVER METALS FROM WASTE DUSTS, 

SLUDGES AND ORES 

CROSS-REFERENCE TO RELATED APPLICATION 
This application is a continuation of U.S. Application No. 09/478,625, filed 
January 5, 2000, which in turn claims the benefit of U.S. Provisional Application 
No. 60/156,163, filed September 27, 1999. 

FIELD OF THE INVENTION 
The present invention relates to a method and apparatus for the economical 
processing of metallurgical dust, such as electric arc furnace (hereinafter EAF) dust, also 
known as Environmental Protection Agency (hereinafter EPA) hazardous waste No. 
K061, into marketable chemicals and products. EAF dust, which is often treated as 
hazardous waste, can now be a potential raw material for the recovery of the metal values 
contained therein as metals, inorganic chemicals, and as a potential raw material source. 

BACKGROUND OF THE INVENTION 
The manufacture of steel using an electric arc furnace is a highly advantageous 
process in the modern steel industry. A drawback in the EAF manufacturing of steel is 
the production of EAF dust waste by-product, which is an EPA listed hazardous waste 
(K061). During melting and refining of steel in electric arc furnaces, large amounts of 
galvanized scrap material can be fed into the EAF process. Inherent in the process for 
making steel by the use of electric steel furnaces with submerged arcs is the liberation of 
zinc, iron, and other metal values as EAF dust in the off-gas leaving the furnace. To 
protect the atmosphere, these particles are removed in baghouses, cyclones, scrubbers, 
and other similar devices. Due to the high proportion of zinc in the dust, it is especially 
desirable as a source of zinc values for sale. The dust consists of fine particles of iron 
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oxides, ferrites, calcium oxide, and silica, metal chloride and oxide particles of 
nonferrous metals such as zinc, lead, cadmium, and silver, which vaporize at the high 
temperatures of the molten steel bath, and which are recovered in the dust. 

The feeding of fine particles, containing unwanted metals, back to the arc furnace 
5 is not economically viable. As the amount of recycled dust increases, the energy 
requirement for reducing and melting the iron and other metals from the dust increases, 
causing melt chemistry problems and decreasing furnace refractory life. Traditionally, 
this dust has been considered a waste material and has been disposed of in landfills. 
Recovery techniques used previously generate waste by-products or products not 

1 0 suitable for their intended claimed use and do not offer sufficiently high recovery yield of 
the metals and products in the EAF dust. 

The rapid growth of the EAF steel process has made EAF dust one of the fastest 
growing and largest environmental problems worldwide. The landfill disposal method is 
becoming more expensive because of increasingly stringent Environmental Protection 

15 Agency (EPA) regulations- The chemical nature of these dust particles are such that they 
classify as listed hazardous waste, based on the toxicity test prescribed by the United 
States Environmental Protection Agency. The toxicity concern is related to the presence 
of lead, cadmium, and chromium. 

At present, there are approximately 925,000 tons of this hazardous waste 

20 generated annually in the United States and an additional 3,000,000 tons generated 
annually in the rest of the world. EAF produced steel comprises forty-five percent (45%) 
of the total U.S. steel production. It is expected to become the major source of steel 
produced in the U.S. within the next few decades. At present, approximately one-half of 
the U.S. production of EAF dust is being land filled. 

25 It is a primary purpose of this invention to recover metal values from this steel- 

making flue dust, and particularly to recover zinc oxide suitable for rubber compounding, 
and additionally to provide a means for the separation and recovery of other materials in 
the dust, with minimal environmental impact. 

There is also a similar but lower concentration zinc contaminated dust which is 

30 derived from the other major process for steel manufacturing, the basic oxygen furnace or 
basic oxygen process (hereinafter BOF). Because the levels of toxic metals such as 
cadmium, lead and zinc are lower than current toxicity cutoff levels, BOF dust is not 

WH1C\21769AP.DOC "2" 



currently classified by the EPA as hazardous. However, BOF dust may be classified as 
hazardous in the future and its non-iron contaminants, like zinc, make it difficult to utilize 
in current steel manufacturing, resulting in substantial worldwide stock piles of BOF dust. 
With the resource of EAF and BOF dust readily available, and based on 
5 environmental need, this process was developed to economically recover nonferrous 
metals such as zinc, lead, and cadmium from these steel plant dusts. The iron oxide, 
depleted of these metals, can be recycled back to the steel furnace. Since the tonnage of 
this raw material is substantial, it represents an important source of zinc, lead and iron 
metals. 

10 There are also waste dusts and metal sludges available from zinc and copper 

recovery and extractions processes and other metal processes which also represent 
valuable sources of non-ferrous metals. 

Accordingly, there is a need to develop a hydrometallurgical chloride based 
process to economically recover valuable metals from metal bearing waste and ores 

15 which will solve the problem of unwanted ion contamination of the pregnant leach 
solution, thus insuring that finished products have extremely low levels of contamination 
of unwanted ions. Chloride leach processes offer apparent advantages over sulfur based 
chemistry, such as avoiding roasting, sulfuric acid regeneration, and unwanted waste 
by-products. Even though these processes offer the opportunity to be environmentally 

20 friendly, they have not had much economic success. The need to find a chloride based 
chemistry process is especially crucial for metal bearing feed stocks that contain chloride. 
Previously developed hydrometallurgical chloride based leaching processes have required 
the addition of costly metal chloride salt additives (components like ferric chloride or 
cupric chloride) or hydrochloric acid, which cause unwanted ions in the pregnant leach 

25 solution that have to be removed prior to subsequent metal extraction recovery steps. 
Other previously developed chloride processes contain ammonium, with resulting safety 
concerns and the potential for unwanted ammonium compounds. These currently 
available processes utilize high temperatures, high pressures, and/or highly acidic 
conditions. 

30 The prior art, as described in U.S. Patent No. 1,863,700, teaches that zinc 

oxide/oxychlorides produced from simple precipitation with calcium hydroxide contain 
as little as 1% chlorides and 3-5% calcium. The patent further teaches a process where a 
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zinc product can be produced with 1-2% calcium and 0.8% chlorides. Such a product 
thus contains 7% Simonkolleite or other oxychlorides based on the chloride stoichiometry 
and thus contains less than 92% pure zinc oxide, which is unacceptable for rubber grade 
zinc oxide and other high purity zinc oxides as well as chloride intolerant zinc refining 
5 processes. In contrast, the process of the present invention converts Simonkolleite and 
other zinc oxychlorides to zinc oxide, meeting specifications and suitability for use as 
rubber grade zinc oxide with more than 99% pure zinc oxide. The zinc oxide has less 
than 1,800 ppm chlorides and usually less than 1000 ppm and has a particle size of 
0.05 micron to 0.5 micron. The process produces an active zinc oxide with a surface area 

10 of 10-70 m 2 /gram, providing better reactivity and economy compared to French 
processed zinc oxide. (See "Active Zinc Oxide - the Advantage" by Dr. Harry Rothmann 
and L. Bruggemann-Sprit und Chemische Fabrik, Germany Tire Technol. Int., p. 118 
(1997)). This large amount of surface area offers a more reactive product allowing its use 
at lower levels than is currently practiced, with improved economics and in processes 

15 where French Process zinc oxide has not been acceptable and/or viable. 

In the present invention, a pyrolysis process is described where in an iron bearing 
material containing non-ferrous metals (specifically including but not limited to EAF 
Dust-K061) is reduced of its oxides and efficiently stripped of its non-ferrous metals in 
the presence of carbon and calcium; and a hydrometallurgical process is described 

20 utilizing an atmospheric calcium chloride leach to selectively recover from various metal 
feed stocks (consisting of elemental metals, metal oxides, metal ferrites, metal 
hydroxides, metal carbonates, metal sulfate/sulfur compounds, and their hydrates, 
specifically including but not limited to EAF Dust-K061) the following components: 
zinc, lead, cadmium, silver, copper and other valuable metals to the exclusion of iron, 

25 magnesium, halogen salts and other unwanted elements. The pyrolysis process solves the 
problem of high levels of non-ferrous metals left in the iron rich material produced from 
KO-61 when not using calcium. 

SUMMARY OF THE INVENTION 
The process utilizes a chloride leach solution for leaching selective metals from 

30 metal bearing feed stocks, producing a pregnant chloride leach solution suitable for 
selective metal recovery or other metal extraction which removes, separates, and recovers 
such metals in a cost effective manner with minimal amounts of unprocessed solids and 
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sludge remaining in the environment. The process is based on the addition of water, 
rather than the use of an acid, to control the chloride concentration. In addition, the 
process produces an intermediary product, Simonkolleite, which is then processed to 
produce 99% plus grade zinc oxide. The hydrometallurgical process utilizes an 
5 atmospheric calcium chloride leach to selectively recover from metal bearing feed stock 
zinc, lead, cadmium, silver, copper and other valuable metals to the exclusion of iron, 
magnesium, halogen salts and other unwanted elements. The pregnant leach solution is 
ideally suited to make high-grade zinc oxide and recover other heavy metals with 
minimal contaminants utilizing cementation processes or selective ion extraction utilizing 

10 liquid-liquid extraction processes. It has the unexpected benefit of converting iron oxide 
and ferrites to magnetite. 

The process has been specifically designed to fully recycle all process liquids 
while producing marketable solid products. 

BRIEF DESCRIPTION OF THE DRAWINGS 

1 5 The foregoing aspects and many of the attendant advantages of this invention will 

become more readily appreciated as the same become better understood by reference to 
the following detailed description, when taken in conjunction with the accompanying 
drawings, wherein: 

FIGURE 1 is a schematic flow diagram of the zinc oxide recovery process 
20 utilizing lime for zinc precipitation and hearth dust as the feed stock; 

FIGURE 2 is a schematic flow diagram of the zinc oxide recovery process 
utilizing caustic for zinc precipitation and hearth dust as the feed stock; 

FIGURE 3 is a schematic flow diagram of the zinc oxide recovery process 
utilizing lime for zinc precipitation and EAF dust as the feed stock; 
25 FIGURE 4 is a schematic flow diagram of the zinc oxide recovery process 

utilizing lime for zinc precipitation and EAF dust as the feed stock; 

FIGURE 5 is a schematic flow diagram of the zinc oxide recovery process 
utilizing lime for zinc precipitation and EAF dust as the feed stock; 

FIGURE 6 is detailed schematic flow diagram of the zinc oxide from zinc 
30 oxychloride portion of the overall process; and 

FIGURE 7 shows a graph which compares the zinc oxide produced by the present 
inventive process with zinc oxide prepared by a standard process; 
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Tables 1-18 show data related to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
A general overview of the process will first be described. 

Electric Arc Furnace: Scrap iron, iron ore, carbon, calcium oxide, magnesium and 

5 oxygen along with other feed stock, is fed to a furnace. Two electrodes (probes) are used 
to melt the metal. Dust is emitted with metal vapor which turns to oxides, known as EAF 
Dust (KO-61). The Electric Arc Furnace could also be a blast furnace producing any type 
of steel. The process may comprise any metal furnace or metal process which makes dust 
or sludges with recoverable metals. 

10 Rotary Hearth Furnace: The K061 may contain iron lead, copper, cadmium, 

silver and zinc and is mixed with carbon, and may further be mixed with calcium and 
magnesium rich stocks. This mixture is fed to the furnace and its metals are reduced 
(stripped of their oxides) in an oxygen reducing atmosphere. The non-volatile metal 
makes direct reduced iron and calcium/magnesium briquettes and a Hearth Dust rich in 

15 non-ferrous metals. Hearth dust includes zinc oxide, lead, copper, silver, chlorides and 
cadmium. The inventive process can be used with an input of KO-61, metal rich Dust or 
sludges or Hearth Dust. In other words, the hearth furnace can be positioned at the 
beginning or at the end of the process. In addition, the process may use lime and/or 
caustic in the chemistry. In the process using caustic, the caustic is regenerated or can be 

20 sold as sodium/potassium chloride. 

Leach Reactor: zinc, lead, copper and cadmium are fed in to the reactor, along 
with other heavy metals and mixed with a leach solution. The leach solution is typically 
53% calcium chloride and 47% water, but may contain sodium and potassium chloride up 
to their respective saturation levels (generally 1-7%). This is a straight salt leach with no 

25 acid added. In this leach step, iron, magnesium, calcium and other related elements do 
not get absorbed into the leach. 

Filter Leach Slurry: The dregs/filter cake from the leach filter include calcium 
hydroxide, which has been separated from the valuable metals, and is shipped for sale or 
further processing back to the furnace. The filtrate liquid includes the valuable metals 

30 including specifically zinc, lead, copper, silver and cadmium. There are very few 
contaminants in this pregnant filtrate stream. 
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Cementation: This step separates the lead, copper, cadmium and silver from the 
zinc pregnant leach solution with zinc powder in the cementation step. This step uses 
zinc to displace the lead, copper, cadmium and other similar metals from a metal chloride 
complex. In prior art industry processes, this step is conducted in the range of pH 2-6. 
The inventive process, however, uses a water dilution instead of direct pH adjustment. In 
other words, water is added to the solution to change the chloride concentration which 
allows the reaction to occur at an unadjusted pH, typically at a pH of 6-8. This step 
produces elemental metals (cement), which generally comprises lead, cadmium, silver 
and copper. The cement is fed to a lead smelter or further refined and separated by other 
known processes. 

Zinc Precipitation Step: Water is added to the zinc pregnant solution which 
produces a white precipitation called Simonkolleite. Approximately 35% of the 
Simonkolleite precipitates by the addition of water. Lime is simultaneously or 
subsequently added to precipitate out the remaining 65% of the Simonkolleite. 

Chemistry: The unique chemistry of the inventive process is: 

Equation 1 : 2MO+3CaCl 2 +2H 2 0 <=> Ca ++ +[MC1 3 "] 2 + Ca(OH) 2 , wherein 
M=Zn, Pb, Cu and/or Cd, and wherein M in the chloride complex is displaced 
with Zn prior to the reaction of Equation 2. 

Equation2: Ca ++ [ZnCl/] 2 +Ca(OH) 2 <=> ZnCl 2 •4(Zn(OH 2 )*H 2 0 + ZnO, 
wherein the ZnCl 2 •4(ZnOH 2 )*H 2 0 is Simonkolleite, containing equilibrium 
amounts of ZnO and Zn(OH) 2 

In cold temperatures, the production of Simonkolleite is increased whereas at 
hotter temperatures, more ZnO is produced. Accordingly, the above reaction preferably 
takes place at ambient temperatures to increase the production of Simonkolleite and to 
reduce the production of ZnO. (Note: There is no temperature at which only zinc oxide 
can be produced given the elevated levels of chlorides in solution.) The desirability of 
using cold temperatures to produce Simonkolleite is counter intuitive because the 
production of Simonkolleite decreases the amount of zinc oxide produced in this step. 
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Production of the intermediary Simonkolleite, however, is then used to produce zinc 
oxide of high purity and with less environmental waste than prior art processes, compared 
to a process wherein zinc oxide is produced directly without the intermediary. 

Simonkolleite is filtered from the solution. The filtrate is evaporated so that NaCl 
5 and KC1 crystallize out and the solution is suitable to be recycled for use as leach 
solution. 

The Simonkolleite is then reslurried with fresh water or recycled water and 

reacted with lime or caustic at elevated temperatures and pressures to produce the zinc 

* 

oxide. 

10 We now refer to the figures for a more detailed description. 

FIG. 1 shows schematically a process 10 of a preferred embodiment of the present 
invention. Beginning at the front end of the process in the Furnace section, an electric arc 
furnace (EAF) 12 outputs EAF dust in a stream 9900. This dust is classified by the EPA 
as K061, a listed hazardous waste. The metal bearing feed stock typically is chosen from 

15 the group of materials including: metal furnace dusts, smelting dusts, metal refining dust, 
metal bearing waste sludges, mill tailings, ores which contain metal oxides, metal 
hydroxides, metal ferrites, metal oxide and their compounds, metal sulfates/sulfites/sulfur 
compounds, carbonates, and metal bearing materials containing chlorides or fluorides. 
The metal bearing feed stock may also comprise Electric Arc Furnace Flue dust K061 

20 derived from the off gasses of the Electric Arc Furnace processing of scrap steel where 
said dust contains approximately 10-40% zinc or the Electric Arc Furnace dust can 
contain zinc ferrite. The feed stock can also comprise, but is not limited to, zinc and 
metal oxide dust (zinc concentrate) recovered from pyrolysis/furnace/kiln/roaster 
operations to roast or reduce (metallize) metal bearing ore or waste metal bearing 

25 materials such as EAF Dust when making direct reduced iron, sludges from metal plating 
baths, sludges from electrowinning tank operations, smelter furnace dust from zinc, 
copper or other heavy metal, recover/processing, iron and steel production including blast 
furnace or BOP or BOF flue dust containing 3-20% zinc and heavy metal content, 
Jarosite from mining extraction operations, waste water treatment metal bearing sludges 

30 or cakes, zinc ferrite tailings, EAF dust containing 10-60% or more zinc, zinc/copper 
smelter dust, iron ore containing greater than 5% zinc and heavy metals, blast furnace/ 
BOP dust containing 5-35% or more zinc, zinc smelter dust, copper smelter dust, metal 
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bearing ores containing iron or sulfates, metal concentrates containing sulfur compounds, 
computer and electronic component recycling dusts and sludges, waste by-product 
streams containing oxides or hydroxides, metal bearing materials containing chlorides, 
copper/lead dross, cyanide bearing plating waste, plating waste, arsenic bearing ores and 

5 wastes, gold ores and their by-products with sulfur, copper electrolysis anode sludge, ores 
of all metals, incinerator fly ash, boiler fly ash, spent metal catalyst, metallic slags/dross, 
uranium ores, gold bearing ore, silver bearing ore and sludges, feed stocks or solutions 
containing fluoride, feed stocks or solution containing arsenic, galvanized scrap metal, 
zinc bearing scrap, copper bearing scrap, scrap electronic components, circuit board 

10 recycling, and/or KO-88 aluminum pot liner. The feed stock of stream 9900, typically 
comprises EAF Dust having a composition of approximately 20% zinc, 6% lead, 40% 
iron, and various other miscellaneous components. The feed stock may be shipped to the 
processing plant from the steel mill by truck or rail. 

Stream 9900 is fed to a hearth furnace 14, along with stream 1600 from a leach 

15 filter 16. The hearth furnace turns the oxides into metals by the addition of coke 
(carbon). Specifically, K061 plus coke or other carbon content, in reducing conditions, 
causes the oxides to depart from the metals leaving metallic iron. The zinc, lead, copper 
and cadmium vaporize off as a metal. In the preferred embodiment of the process 
calcium hydroxide or oxide and magnesium oxide or hydroxide is added to the iron 

20 bearing material prior to metallization/reduction to enhance the non-ferrous metal 
recovery yields and provide a more pure iron calcium rich material for iron and steel 
production. 

Stream 1900 comprises 80-99% metallized iron briquettes fed back to the EAF. 
The stream also includes calcium oxide (reduced from calcium hydroxide) and 
25 magnesium oxides. Stream 1900 is called "fluxed sinter", also referred to as direct 
reduced iron (DRI). 

Hearth dust is fed from hearth furnace 14 in stream 9950 to hearth dust storage 
bin 18. The hearth dust is a gray/white dust that is produced when the zinc metal vapor 
and other metals are re-oxidized in the top of hearth furnace 14. The dust comprises 30 to 
30 80% zinc, and typically 50 to 60% zinc. The other components comprise lead, copper, 
cadmium, silver, other recoverable metals, chlorides and trace contaminants such as iron 
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and manganese. Stream 9950 is fed to storage bin 18. Stream 100 is fed from storage 
bin 18 as needed such that stream 100 has the same chemical make-up as stream 9950. 

Hearth dust is fed from storage bin 18 in stream 100 to a leach reactor 20. A 
stream 200 is also fed to reactor 20 and comprises a calcium chloride leach solution with 

5 a specific gravity of approximately 1.49. The solution of stream 200 may also comprise 
sodium chlorides and potassium chlorides in amounts from a trace amount up to their 
saturating level of approximately 1-8% of the solution. The calcium chloride typically is 
recycled from another portion of the process. In reactor 20, the zinc oxide in the hearth 
dust combines with the calcium chloride to produce a zinc chloride complex and a 

10 calcium hydroxide precipitate. Other metal oxides in the dust will also combine with the 
calcium chloride to produce a corresponding metal chloride complex. The process 
simultaneously follows three separate equations: 

Equation 3 : 3CaCl 2 + 2MO + 2(H 2 0) <=> [Ca ++ + 2MC1 3 " ] + 2Ca(OH) 2 
Equation 4: CaCl 2 + MC1 2 <=> [Ca ++ + MC1 4 "] 

15 Equations: CaCl 2 +MO + H 2 0 » MC1 2 +Ca(OH) 2 , wherein M=Zn, Cd, Cu, 

Ag, Sn, Ni and/or Pb, and wherein the metal chloride complex is MC1 3 " . 

Approximately 95%+ of the feed solution undergoes the reaction of Equation 3 so 
that approximately 5% undergoes the reactions of Equations 4 and 5 combined. 
Accordingly, stream 300 comprises 95% of the metal as chloride complex and calcium 
20 hydroxide solids and dregs (the unleached materials) including magnesium, manganese 
and iron. The specific gravity of the materials fed to filter 16 in stream 300 preferably is 
approximately 1.49. 

Stream 300 is fed to a leach filter 16, which typically comprises a press or other 
liquid-solid separation device. During the batch process disclosed herein, this filter 
25 processing step comprises three distinct steps. In a continuous process, three separate 
filters may be used. 
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In the first filtering step, filter 16 presses the solution to remove the liquid from 
the solids of stream 300. This liquid is removed as stream 600. In the second filtering 
step, the solids remaining in the filter are washed with stream 210, comprising calcium 
chloride solution from tank 22 or its dilute form, and pressed to recover additional metals 
from the filter cake. The liquid is removed as stream 650. This step increases the 
recovery of metals from the filter. In the third filtering step, the solids remaining in the 
filter are washed with stream 500, comprising hot water, to further improve the recovery 
of metals into the liquid solution from the filter cake. These three liquid streams are 
mixed together as stream 675 and comprise the metal chloride complexes, MC1 3 " . These 

liquid streams should be held above the crystallization temperature of lead chloride, and 
typically are held at a temperature of approximately 90°C. The solids, i.e., the filter cake, 
are sent via stream 1600 to hearth furnace 14. The solids comprise approximately 80% 
calcium hydroxide and approximately 20% magnesium and other dregs. The solids may 
be dried before being returned to the furnace to be calcined. Stream 1600 may be sold to 
outside vendors rather than being recycled back to the hearth furnace as a calcium 
hydroxide or calcium oxide rich stream. 

Leach filter 16 feeds streams 625, 650 and 600 to stream 675, which in turn is fed 
to a heavy metal cementation tank 24. Stream 675 may be passed through an iron 
removal process 21 (FIG. 3) before being passed to cementation tank 24 to remove any 
trace amounts of iron in the stream. Stream 675 typically comprises a green liquid 
containing zinc, lead, copper, cadmium and silver in the chloride complex form. 

In the preferred embodiment, the chloride leach solution of stream 200 is calcium 
chloride, and may also contain sodium chloride and potassium chloride or other chloride 
salts from groups 1 or 2 on the periodic table, below or at their solubility level in calcium 
chloride at the chosen concentration. The leach solution chloride ion concentration 
typically is greater than 10 molar and less than the saturation point at the chosen 
operating temperature for calcium chloride. The calcium concentration preferably is at 
least 16% and less than the saturation point for calcium chloride. The leach solution 
typically is fully liquid at the selected temperature and below the saturation point. The 
leach of reactor 20 preferably occurs at atmospheric pressure, but may be conducted at 
higher pressure conditions. The feed stock particles should be sufficiently small to allow 
good reaction rates. The reaction may be well agitated to decrease reaction times. 
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During the reaction, the pulp density typically is 1% or greater. The temperature 
preferably is above 70°C and below the boiling point of the solution at the selected 
operating pressure and at a temperature at which all metal chlorides present are soluble. 
The calcium concentration in the leach solution of reactor 20 may be, but is not required 
5 to be, maintained/reestablished by the addition of HC1 to the leach cake containing 
calcium hydroxides or other calcium complexes precipitated during the reaction. When 
so elected, the pH should be maintained above 3.5 and below 9.0. The calcium content 
may be reduced by a reaction with sulfuric acid on the leach solution and/or on the 
recycled leach solution feed to produce gypsum. The reaction typically occurs in the pH 

10 range of between 3.5 to 9.5 without the addition of acid. The primary metals targeted for 
recovery are zinc, lead, cadmium, silver, copper, nickel, tin, and other metals in the 
electrochemical series above zinc, including Group Classifications 9, 10, 11, 12, 13, 14, 
15. The process produces a pregnant leach solution from which one can produce 
elemental metals, metal oxides or metal hydroxides directly, extract selective ions 

15 utilizing liquid-liquid or resin exchange, or produce metal chlorides for electro winning 
elemental metal. The leach can be carried out as a single stage or a multi-stage process, a 
continuous process, and may be co-current or countercurrent. 

The hydrometallurgical process rejects substantially all the iron, Mg, Cr, calcium 
hydroxide, fluoride, Ca/Mg/Ba carbonates and hydroxides, sulfates, (and other group 1-8 

20 elements), carbon, Si, As and P can be rejected (not leached) based on the concentration 
of chloride ions, the temperature, and other operating conditions. The process solublizes 
approximately only 2-100 ppm iron in the leach solution. Unexpectedly, the process 
converts Fe 2 0 3 and other iron compounds to magnetite Fe 3 0 4 . The magnetite can be 

used as an iron ore substitute, feed for direct reduced iron production, or may be used for 
25 coal ore floatation and a cementation additive. The undissolved solids of the leach 
process are separated (i.e. filtered, centrifuged, etc.) out of the pregnant leach solution 
and washed first with leach solution and then with water to obtain an enhanced metal 
yield recovery and purified cake. The solids typically are washed with hot chloride leach 
solution to remove entrained metal chloride complexes. The wash temperature typically 
30 is greater than the crystal formation point for the chloride salts present. The leach filter 
cake is washed with a series of hot leach solutions of reduced (or increased) chloride 
concentrations to recover metals that did not dissolve at the chosen operating 
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concentration conditions. The solids are then washed with hot water above 80°C and at a 

temperature greater than the crystal formation point for the chloride salts present, to 

remove the remaining entrained leach wash solution. The solids are washed with 

fresh/recycled hot water to remove soluble chloride salts. The leach typically recovers 

5 70-97% of all heavy metals from the feed material. The leach process does not use acid 

unless it is required as part of a recycle loop to maintain the chloride balance. The 

process does not require oxygen unless the rejected metals in the leach cake are preferred 

in the fully oxidized form. The resultant pregnant leach solution of the process contains 

low levels of Mg and Mn, which minimizes contamination of products to be produced 

10 from the pregnant leach solution. Leach conditions of the process make magnetite 
Fe 3 0 4 when the feed material contains or produces iron oxide Fe 2 0 3 , ferrites or iron 

hydroxides. The inventive process removes Fluorides in the form of CaF 2 . Fluorides are 

made insoluble during the process and therefore are removed from solution. Fluorides 

are converted to insoluble calcium fluoride which is environmentally stable. The salt 

15 leach will precipitate NaCl and KC1 to maintain a system balance. Arsenic reports to the 
leach cake as an iron complex making the process environmentally safe. During the 
process if cyanide is present it is complexed with iron to produce Prussian blue or 
decomposes to form carbon dioxide, making the process environmentally safe. By 
adding 0 2 in a subsequent stage to the leach process, the process selectively precipitates 

20 Mn0 2 so that 0 2 is not added in an earlier step. Based on the belief, during the process, 
a platinum group metal, if present, selected from the group consisting of platinum, 
palladium, rhodium and ruthenium in an ore or other metal bearing feed, can also be 
recovered. 

Still referring to FIG. 1 ? zinc powder in stream 9400, water including some 
25 chlorides such as zinc chlorides in stream 2500, water in stream 570 and the metal 
chloride complexes in stream 675 are all fed to a heavy metal cementation tank 24. The 
water added to cementation tank 24 in streams 2500 and 570 is added in precise amounts 
in order to control the chloride concentration in the tank. The water preferably is added 
to maintain the specific gravity of the contents of the tank within a range of 1.41 to 1.49. 
30 By maintaining the specific gravity of the solution within the range of 1.41 to 1.49, the 
zinc powder added to the solution will result in the zinc displacing each of the metals in 
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the metal chloride complexes. A two stage counter current flow is preferred to reduce 
zinc dust addition. The reaction is as follows: 



Equation 6: MC1 3 +Zn <=> ZnCl 3 +M , wherein M=Cd 5 Cu 5 Pb, Sn, Ni, Ag, or 

any other metals in chloride complex form, and wherein the metals precipitate out 
5 after being displaced by the zinc. 

The sequence of displacement by the zinc of particular metals can be controlled 
by controlling the specific gravity of the solution. In particular, at a specific gravity of 
1.49, the zinc selectively displaces silver but does not displace any other metals. 
Correspondingly, other metals are believed to be displaced at other particular specific 

10 gravities. Accordingly, the addition of precise amounts of water to the solution in 
sequential steps is believed to result in the selective and sequential displacement by zinc 
of particular metals as desired. 

Heavy metal cementation tank 24 feeds the displaced metals in stream 2000 to 
outside sales or to a metals recovery loop. The displaced metals are separated within 

15 tank 24 from the zinc chloride complex by filtration and/or other liquid-solid separation 
methods. In a continuous process, the filtration and/or separation may take place in a 
series of separation filtration or gravity separation tanks. Typically the metal solids are 
washed with water to remove the chloride salt solution. After washing and drying, if 
being sold to outside sales, the solids are briquetted in a press under high pressure and 

20 sold. If the displaced metals are further processed instead of being sold directly, 
stream 2000 is fed to cadmium leach tank 42, as will be further described below. 

Referring to the zinc cementation process, the process comprises extracting and 
recovering metals from a high chloride salt solution containing metal ions by reducing the 
chloride content to specific levels by the addition of water and then adding elemental 

25 metal to cause metals above said metal on the electrochemical replacement series to 
cement out of solution. Elemental zinc powder/dust and other selective metal dust is 
added to the pregnant leach solution, which is high in chloride content including but not 
limited to lead, copper, cadmium, silver, etc., and ions/complexes containing high 
chloride concentration, to unexpectedly and selectively, at a pH of 5 or greater, cement 

30 out metals by a substitution reaction. The reaction form is: metallic dust (such as zinc) + 
metal chloride salt or metal chloride-complex = metal + zinc (or other metal) chloride or 
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zinc chloride-complex ions. By varying the chloride concentration, instead of varying the 
pH, through the addition or removal of water, the expected and unwanted formation of 
metal oxides and hydroxides are avoided and no acid or base addition is necessary to 
control the pH to prevent precipitation of such metal oxides or hydroxides. The high 
5 chloride salt solution typically is calcium chloride. The temperature typically is above 
the crystallization point of the solution and below the boiling point. The high chloride 
salt solution may also contain sodium and/or potassium chloride up to their respective 
solubility limits in the calcium chloride solution at the chosen operating temperature and 
pressure. The solution typically contains more than 30% chlorides. The elemental metal 

10 used for cementation should be chosen from those metals below the metal to be cemented 
on the electrochemical replacement series. Elemental zinc dust or zinc powder is used to 
cement lead, copper, cadmium, iron (only trace amounts are present, such as 6 ppm), 
mercury, silver and gold. Alternative cementation steps may include elemental copper 
dust or copper powder to cement mercury, silver and gold prior to using zinc in a final 

15 cementation step. The metals being cemented out include, but are not limited to lead, 
cadmium, copper, silver, tin, nickel, mercury, platinum and gold. The unexpected result 
of the process is that a controlled lowering of the specific gravity or the chloride 
concentration allows the cementation of metals with elemental metal dust to occur at a pH 
above 4 without the co-precipitation of metal oxide, metal oxychloride and metal 

20 hydroxides, as one would normally expect under these conditions. The temperature 
typically is held above the crystallization point for all chloride salts present. The specific 
gravity is controlled between 1.40 and 1.49 to control chloride concentration by the 
addition of water. The elimination of oxygen further prevents the formation of zinc 
oxide, zinc oxychloride or zinc hydroxide at temperatures below 80°C. The process 

25 results in less than 1 ppm of each metal that is cemented out, being contained in the 
solution after processing. The chloride concentration can alternatively be controlled by 
selective chloride ion reduction, reaction chemistry or liquid-liquid extraction using prior 
art processes, instead of the addition of water as discussed above. The process may be 
conducted in one stage, multiple stages, or continuously in a counter flow or co-current 

30 flow process. The metal dust used in the process preferably is zinc. The amount of zinc 
dust added is between 1.1 and 2.0 stoichiometric for the metal to be removed. The 
reaction is performed at atmospheric pressures and below the natural boiling point of the 
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solution. The metal sponge cemented out is separated from the solution to leave a pure 

zinc chloride complex ion solution suitable for producing high purity zinc oxide or zinc 

metal. Methods available include direct precipitation of zinc oxychloride/zinc oxide/zinc 

hydroxide. The alternative method of liquid-liquid extraction for chloride complex 

5 extraction may also be used. 

After displacement by zinc of the other metals in the metal chloride complex, 
heavy metal cementation tank 24 feeds the zinc chloride complex ZnC 3 " , preferably with 

a specific gravity of 1.43, in stream 700 to Simonkolleite precipitation tank 26. The zinc 
chloride complex in stream 700 may have a purity of 99%+. Tank 26 also receives 

10 recycled water in stream 560 in a first precipitation step and lime in stream 9100 during a 
second precipitation step. As water in stream 560 is added to precipitation tank 26, 
Simonkolleite is formed and precipitates out of solution. Approximately 35% of the zinc 
will precipitate out as Simonkolleite by the addition of water. Lime (calcium hydroxide) 
is then added to the solution in stream 9100 which results in approximately 60% of the 

1 5 zinc precipitating out as Simonkolleite. These two precipitation steps can be performed 
separately or simultaneously. The remaining approximate 5% of the zinc will remain as a 
zinc chloride complex and will be recycled through streams 750, 820, 850, 900 and 200 
back into the process. Accordingly, there is an approximate 95% recovery rate of the 
zinc during the precipitation step in tank 26 during each pass. Specifically, at a 

20 temperature of 25 degrees Celsius, stream 750 comprises a slurry of solids and solution. 
The solids portion comprises approximately 95% Simonkolleite, and approximately 5% 
zinc oxide/hydroxide. The aqueous solution portion comprises approximately 500 ppm 
of zinc in a zinc chloride complex form, as well as approximately 42% calcium chloride 
leach solution and potassium and sodium chloride at their solubility limits (usually less 

25 than 5%). 

The production of Simonkolleite, a zinc oxychloride, (and depending on 
conditions, small amounts of zinc oxide and zinc hydroxide) is predominately produced 
by the following reactions, which occur simultaneously in tank 26: 

Equation 7: 5Ca ++ +2ZnCl 3 "+8Ca(OH) 2 <=> Zn 5 Cl 2 0 4 *5H 2 0+13CaCl 2 
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Equation 8: Ca ++ +2ZnCl/+2Ca(OH) 2 <=> 2ZnO+3CaCl 2 +2H 2 0 

Equation 9: ZnCl 2 +Ca(OH) 2 <=> ZnO+CaCl 2 +H 2 0 , wherein the Simonkolleite is 
Zn 5 Cl 2 CV5H 2 0. 

Prior to the zinc chloride complex being fed to tank 26, stream 700 is cooled to a 
5 temperature of approximately 25 °C, down from a temperature of approximately 90°C 5 
because at these lower temperatures, more Simonkolleite is formed from the zinc chloride 
complex. For example, at 90°C only approximately 40% of the zinc chloride complex is 
precipitated as Simonkolleite. The reaction of the zinc chloride complex to Simonkolleite 
is exothermic so tank 26 must also be cooled to maintain the tank at 25 °C during the 
10 reaction. As stated above, precipitating the zinc chloride complex at lower temperatures 
unexpectedly yields high purity rates of the final product zinc oxide because the 
intermediary (Simonkolleite) is formed at high purity rates at the cooler reaction 
temperatures, because the precipitation of magnesium (from the commercial calcium 
hydroxide) does not co -precipitate at such high rates compared to precipitation rates at 

1 5 higher temperatures. 

Precipitation tank 26 feeds approximately 95% pure Simonkolleite combined with 
small amounts of zinc oxide and zinc hydroxide solids, along with approximately 5% zinc 
chloride complex, in stream 750 to a Simonkolleite filter 28. Filter 28 also uses recycled 
water wash in stream 540. There are two techniques for removing the sodium, or 

20 potassium chloride as the case may be, which may crystallize out with the Simonkolleite 
precipitate. A first preferred technique comprises passing a hot filtrate, stream 800, 
through the oxychloride cake to directly dissolve the chloride salts. The second, is to use 
hot water in stream 540 in a counter current flow washing circuit to wash the 
Simonkolleite to cause the sodium or potassium chloride to solublize out of the 

25 Simonkolleite cake so that it does not flow with the Simonkolleite in stream 1000. In the 
second case, the countercurrent wash solution is chilled to 20°C and the potassium 
chloride is crystallized and filtered out, while the solution is then returned to tank 26. 
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In particular, during the preferred technique, the Simonkolleite is pressed in 
filter 28 so that the liquid is pressed from the Simonkolleite precipitate and leaves the 
filter in stream 800. The liquid in stream 800 comprises the unprecipitated 5% zinc 
chloride complex, and the calcium, potassium and sodium chlorides. A small portion of 
5 stream 800 is passed to filtrate tank 34, is heated from 25°C to approximately 80 to 90°C, 
and is then fed via stream 810 to wash the Simonkolleite filtrate cake. This wash 
removes any potassium or sodium chloride that may have precipitated earlier due to the 
colder temperatures of the filtrate in filter 28. The Simonkolleite cake is then pressed 
again in the filter. The liquid solution of this press leaves the filter as stream 820. The 

10 remainder of stream 800 which was not fed to filtrate tank 34, and is designated as 
stream 812, is combined with stream 820 and is fed to evaporator 32. Accordingly, 
stream 820 comprises the calcium chloride solution, a small amount of unreacted zinc 
chloride complex, the potassium and/or sodium chlorides and dilution and wash water, 
and typically is at a temperature of between 80 to 90°C. 

1 5 The Simonkolleite cake, which is now free of potassium and sodium chlorides, is 

then washed with water in stream 540 to remove soluble chlorides, such as calcium 
chloride. Stream 540 typically comprises fresh water or recycled water that already 
includes small amounts of calcium chloride, and is at a temperature of approximately 
80°C. The Simonkolleite is pressed so that stream 550 exiting filter 28 comprises water 

20 at approximately 80°C and some calcium chlorides. Stream 550 is sent to a spent 
Simonkolleite wash tank 30 which feeds the dilution water in stream 560 to the 
Simonkolleite precipitation tank 26 and in stream 570 to heavy metal cementation 
tank 24. 

Still referring to filter 28 of FIG. 1, filter 28 feeds stream 820, which comprises 
25 the unprecipitated zinc chloride complex and the potassium and/or sodium chlorides, to 
an evaporator 32. Stream 820 may also comprise small amounts of metal and calcium 
chlorides. Evaporator 32 preferably comprises a crystallizer. Accordingly, salt crystals 
of the sodium chloride and potassium chloride crystallize out in the evaporator as water is 
evaporated. The concentration of calcium chloride after evaporation is sufficiently high 
30 to cause excess sodium and potassium chloride entering the process to be crystallized 
when their saturation level has been met. The evaporated water is fed in stream 510 for 
reuse in zinc oxide washing at filter 38 and in stream 500 for washing at filter 16. A filter 
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40 or a centrifuge or other liquid-solid separation method may be used to remove the 
crystals, which are then dried. The crystals may be blended in proper ratio with Cryolite 
to make a commercial grade aluminum salt flux, or the crystals may be fed via 
stream 1700 to a manufacturer of aluminum salt flux for further blending and processing. 
5 A solution leaves filter 40 as stream 900 and typically comprises a high concentration 
leach solution of calcium chloride suitable for recycle. The solution generally has a 
composition of 34% chloride typically comprising 53% calcium chloride or over 50% 
calcium chloride, and less than 3% potassium chloride, and less than 1% sodium chloride. 
The solution also includes small amounts of zinc, magnesium and other metals as 
10 chloride complexes which did not get removed in prior steps. 

Stream 900 is fed to calcium chloride storage tank 22. A portion of the calcium 
chloride may be sold to an outside source via stream 1800 to maintain system chloride 
balance. A majority of the calcium chloride may be recycled via stream 200 to leach 
reactor 20. 

15 Referring to the salt separation and recycle portion of the process, the diluted and 

barren leach solution is recycled by the evaporation of water from the filtrate of the zinc 
oxychloride precipitation step. The NaCl, KC1, and CaCl 2 can be crystallized out when 
the correct concentration of CaCl 2 to water is reached for the next leach. By dropping 
the temperature below 90°C for a portion of the CaCl 2 concentrate, the concentration can 

20 be controlled by crystallizing out excess CaCl 2 which builds up in the system due to the 
entry of chlorides in the feed. These crystals can be dried for sale or sold as a solution. 
The barren leach solution is regenerated by the evaporating of water until the desired 
calcium chloride concentration for the next leach solution is reached. The temperature 
typically is held between 70°C and 130°C and may be removed by heat or vacuum or a 

25 combination thereof. The water is removed such that the specific gravity is between 1.49 
and 1.55. The sodium, potassium and other salts which precipitate during evaporation are 
filtered out. The salts are dried and are suitable for use in the Aluminum Smelting 
Process as a flux. The NaCl and KC1 can also be recycled as feed stock. The NaCl and 
KC1 may also be used as the feed stock to a chlor-alkali plant producing sodium and 

30 potassium hydroxide and hydrochloric acid which can be used in the process and the 
excess sold commercially. 
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In one embodiment, caustic, also referred to as sodium hydroxide, is introduced 
into tank 26 via stream 9100 (as will be described with respect to FIG. 2) to allow a 
sufficient amount of sodium chloride production that will produce more aluminum flux. 
This option will maintain the system chloride balance and avoid the production of 
5 calcium chloride at stream 1 800. Accordingly, by adding a sufficient amount of caustic 
to reactor 26 the system can be regulated so that no calcium chlorides are produced 
thereby eliminating the need to dispose of excess calcium chlorides in stream 1800 which 
does not have a market. 

Referring again to the Simonkolleite portion of the process, the process comprises 

10 the production of high purity Simonkolleite in equilibrium with zinc oxide and other 
minor zinc oxychlorides from a concentrated chloride pregnant solution containing zinc 
chloride complex ions which is of sufficient purity for subsequent conversion as a feed 
stock to produce high purity zinc or zinc oxide. An unexpected method for the 
production of Simonkolleite (an intermediate oxy chloride to be used in the production of 

15 zinc oxide) or zinc metal, from a high concentration chloride solution, first includes its 
partial precipitation through the addition of water to a pregnant solution to reduce the 
chloride concentration and second, further precipitation through the addition of a base. 
Using this process, 5% to 100% purity Simonkolleite can be produced in equilibrium with 
zinc oxide. The solution may comprise one or a combination of the following: calcium 

20 chloride, sodium chloride, potassium chloride or any other Group 1 and Group 2 
chlorides. The solution typically contains zinc at a concentration greater than 500 ppm 
and preferably 10,000 ppm or greater. In a first stage of the process, dilution water is 
added to the solution such that up to 35% of the zinc unexpectantly precipitates as 
Simonkolleite. This unexpected precipitation conserves the amount of base to be added 

25 and thus reduces the base required by 35%. The specific gravity is reduced to below 1.43 
(1.39 preferred) or the chloride concentration is reduced by other methods to an 
equivalent level. A base is added in a second step to the solution to precipitate the 
majority of the remaining zinc chloride complex present in the original solution as 
Simonkolleite. The base may comprise calcium hydroxide or calcium oxide. The base 

30 may also comprise one or a combination of sodium hydroxide or potassium hydroxide. 
The first and second steps may be combined into a single step. The process is conducted 
at atmospheric pressure and the temperature preferably is between the solution 
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crystallization point and the solution boiling point. The addition of water during the first 
stage is exothermic. The addition of a base to the solution is also exothermic. The 
solution is mixed to facilitate the reaction. The solids are separated from the solution 
after precipitation. The solids are then washed and contain less than an expected amount 
5 of lead and cadmium which remained in trace or very small quantities after the metal 
removal. The solution pH is typically below 9.0. The solution pH may be held at or 
below 7.2 to minimize the co-precipitation of magnesium present in commercially 
available calcium oxide and hydroxides. Washing with a hot solution of calcium chloride 
in stream 810 removes excess potassium chloride. The solution of calcium chloride in 

10 water typically is held at a temperature between 70-1 3 0°C and has a specific gravity of 
between 1.41 to 1.45 at 90°C. The wash solution may be recycled by separating the 
solids from solution. Washing the solids with water removes excess soluble chloride. 
The wash water temperature typically is between 20-100°C. The filtrate typically is 
suitable for regeneration and reuse. The resultant product is an ideal feed stock for 

15 producing small particle and high surface area zinc oxide, known as active or reactive 
zinc oxide. 

Referring now to the Metals Loop of the process, heavy metal cement tank 24 
feeds the displaced metals in stream 2000 to a cadmium leach tank 42. Leach tank 42 
also receives hydrochloric acid in stream 9200 from a hydrochloric acid storage tank 44. 

20 Leach tank 42 feeds the resulting solution in stream 2100 to a lead filter 46. Lead filter 
46 feeds the separated lead in stream 2150 to a lead furnace 50 and the displaced metals 
solution, without lead, in stream 2200 to a cadmium cementation tank 48. Lead furnace 
50 feeds lead in stream 1400 for transport to outside sales. Cadmium cementation 
tank 48 receives zinc powder in stream 9300 from a zinc powder storage bin 52 and feeds 

25 the resulting solution in stream 2300 to a cadmium filter 54. Cadmium filter 54 feeds the 
separated cadmium solution in stream 2350 to a cadmium furnace 56 and water, including 
some zinc chlorides, in stream 2500 to heavy metal cement tank 24. Cadmium furnace 
56 feeds the cadmium in stream 1500 for transportation to outside sales. This completes 
the Metals Loop, which should be understood by those skilled in the art. 

30 Referring now to the Zinc Oxide Loop of the process, the clean Simonkolleite 

cake, with a very low chloride concentration, is fed in stream 1000 to reslurry tank 36, 
along with water in stream 530. Re-slurry tank 36 feeds the watery Simonkolleite slurry 
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in stream 1100 to a zinc oxide reactor 60. The contents of reactor 60 are heated to a 
temperature of approximately 160 to 190°C, and preferably to a temperature of 
approximately 170°C. (The reactor generally is heated to a temperature of approximately 
140-1 50°C when caustic is added to reactor 60, as discussed with respect to FIG. 2). 
5 Reactor 60 also receives lime (calcium oxide) in stream 9150 from a lime storage 
stank 62. The temperature of the solution, and the addition of lime to the solution, results 
in the conversion of the Simonkolleite to high purity grade zinc oxide by the following 
reaction: 

Equation 10: ZnCl 2 *4Zn(OH) 2 *H 2 0+Ca(OH) 2 <=> 5ZnO+6H 2 0+CaCl 2 , wherein 
10 the Simonkolleite can be written as ZnCl 2 • 4Zn(OH) 2 • H 2 0 or as 

Zn5Cl 2 0 4 *5H 2 0. 

The resulting zinc oxide, calcium chlorides and water are fed in stream 1150 to a 
zinc oxide product filter 38, which also receives recycled water in stream 510 from 
evaporator 32. Filter 38 typically is a two-stage filtration process. First, the filter presses 

1 5 the solution so that the solid zinc oxide precipitate remains in the filter and the calcium 
chlorides and water leave the filter in stream 580 to filtrate tank 68. Water in stream 510 
is then used to wash the zinc oxide solids so that the small amount remaining of the 
calcium chloride and the water is removed in stream 520 to spent zinc oxide wash 
tank 64. The zinc oxide solids are then removed from the filter in stream 1200 to a zinc 

20 oxide dryer and pulverizer 66. Stream 530, comprising a very dilute solution of calcium 
chloride and water, is recycled back to reslurry tank 530 and stream 580, comprising 
dilute calcium chloride and water, is recycled back to filter 28 via stream 540. 

Dryer 66 typically is operated at 125 to 500°C, and at a preferred temperature of 
200°C, to remove moisture and hydrates, which comprise approximately 3% of the 

25 stream, from the zinc oxide. The dryer feeds the dried product in stream 1300 to outside 
sales. Stream 1300 typically comprises 98% zinc oxide, but, under preferred reaction 
conditions, comprises approximately 99% zinc oxide. As stated above, the zinc oxide 
produced is active and has a large surface area, rendering the zinc oxide suitable for use 
in rubber and plastic compounding. This completes the Zinc Oxide Loop. This process 

30 could also be used for other oxychlorides such as the recovery of copper oxides. For 
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example, once copper oxychloride is made, this process can be used to make copper 
oxide. 

The process of the present invention converts Simonkolleite and other zinc 
oxychlorides to zinc oxide, meeting specifications and suitability for use as rubber grade 
5 zinc oxide with more than 99% pure zinc oxide. The zinc oxide has less than 2,000 ppm 
chlorides and under preferred conditions less than 1000 ppm and has a particle size of 
0.05 micron to 0.5 micron. The process produces an active zinc oxide with a surface area 
of 10-70 m/gram, providing better reactivity and economy compared to French processed 
zinc oxide. This large amount of surface area offers a more reactive product allowing its 

10 use at lower levels than is currently practiced. 

The precipitate, Simonkolleite in equilibrium with zinc oxide, zinc hydroxide, 
and/or other zinc oxychlorides and their hydrates, produced from zinc chloride complex 
solutions high in chlorides or from the addition of a base to concentrated zinc chloride 
solution of sufficient purity, or from other sources, is used as the feed stock to make high 

15 purity zinc oxide. The solids of the equilibrium solution are separated from the high 
chloride solution from which they were produced by filtration or other methods. The 
solids may be washed to further reduce residual soluble chlorides (not oxychlorides). The 
solids are then reslurried/repulped in fresh water or recycled water containing less than 
5% chlorides. Calcium hydroxide or oxide is added to the reslurried solution of the 

20 Simonkolleite/zinc oxychloride/zinc oxide in stoichiometric quantities or greater to be 
available to react with the chloride ions in the Simonkolleite and zinc oxychloride. 
Maintaining the pH between 6.9 and 7.4 keeps the Mg in the lime from precipitating with 
the zinc oxide. Alternatively, sodium or potassium hydroxide is added to the solution in 
stoichiometric quantities or greater to react with the chloride ions in the Simonkolleite 

25 and zinc oxychloride. The sodium or potassium hydroxide can be added in significant 
excess to reduce the chloride content below 500 ppm. The re-pulped slurry is processed 
in an autoclave or a reactor with a mixing capability. The temperature for the reaction 
typically is 140 to 200°C, and preferably 150°C when using caustic or 170°C, when using 
calcium hydroxide for one hour at the natural pressure of the boiling solution. The crystal 

30 structure of the zinc oxide is tiny needle like crystals compared to prism and/or pancake 
shapes. The zinc oxide surface area typically is in excess of 20 m/g and less than 70 m/g. 
The particle size typically is between 0.1 and 0.5 microns. The lead, copper and 
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magnesium contaminants are low. In particular, the lead level of the zinc oxide is below 
60 ppm. The cadmium level of the zinc oxide is below 30 ppm. The magnesium content 
of the zinc oxide level is below 300 ppm. The zinc oxide cake is washed until free of 
soluble chloride salts produced from the reaction. The final chloride content typically is 
5 below 1000 ppm. The filter cake is dried to a temperature between 125°C-600°C. The 
product can be produced as a dust free pellet or a briquette without binder. The sequence 
of process steps set forth above can be reconfigured to optimize recovery selection and to 
reflect changing economics. Additional cementation steps utilizing more than one dust 
for cementation may be added in sequence as required for additional or selective metal 
10 removals. 

As described above, the process is a batch process. However, the process of the 
present invention may also be carried out as a steady state continuous process. 

In particular, the process works based on the relative insolubility of iron, 
magnesium, calcium and others under conditions of pH 6 and above in a high calcium 
15 chloride concentration, while the desirable metals will exchange with the calcium, 
becoming metal chlorides and precipitating calcium hydroxide driving the reaction in 
reverse. The overall efficiency of the process depends on the chloride and calcium 
concentration, the temperature, pulp density, reaction residence time, and mixing rate. 

The process provides conditions to remove halogen salts. Fluorides in the feed 
20 are converted to insoluble calcium fluoride removing them from further reaction. 

The process is environmentally sound with the opportunity of no liquid waste 
discharge and no air/odor emissions. The leach process, while operating at atmospheric 
pressures, does not emit off gases and thus poses no odor emission issues. The process is 
especially attractive as a replacement for sulfur leach chemistry and roasting used 
25 extensively in the mining industry. It is especially attractive as a means to avoid waste 
disposal landfilling. A typical feed stock would be Electric Arc Furnace Flue dust and its 
subsequent pyrolysis derivatives dusts which generally contain chloride salts formed in 
the thermal decomposition of PVC from scrap cars, in the presence metal vapor and metal 
oxides. 

30 Still referring to FIG. 1, now that a preferred embodiment of the basic 

hydrometallurgical portion of the process has been described, a detailed description of the 
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hydrometallurgical pilot plant process will be described. The scale of the pilot plant 
process is merely increased for commercial production. 
I. Material Preparation 

A. Feed material: may be chosen from the following list: 

1. Zinc Hearth Dust: the zinc/metals concentrated dust 
derived from the off gasses of processing K061 Electric Arc Furnace Dust 
in combination with coal or coke in a reduction furnace to remove volatile 
metals and salts and reduce iron oxide and other metals to their metallized 
form (stream 9950). 

2. K061 EAF Dust: the dust derived from the off gasses of 
the Electric Arc Furnace processing of scrap steel containing 
approximately 20-24% zinc (stream 9900) 

3. Other metal feed stocks including one or more of the 
following: zinc, lead, cadmium, silver, copper, iron, magnesium, halogen 
salts and other heavy metals; metal furnace dusts, smelting dusts, waste 
sludges, mill tailings, ores which containing metal oxides, metal 
hydroxides, metal ferrites, metal sulfates/sulfites/sulflir compounds, 
carbonates, metal bearing materials containing chlorides or fluorides; zinc 
oxide dust (zinc concentrate) recovered from pyrolysis/furnace operations 
to roast or reduce (metallize) metal ore or waste metal bearing materials 
such as Electric Arc Furnace Dust when making direct reduced iron; 
Electric Arc Furnace Flue dust K061 derived from the off gasses of the 
Electric Arc Furnace processing of scrap steel where said dust contains 
approximately 10-40% zinc; and Electric Arc Furnace dust containing zinc 
ferrite. 

B. Leach Solution Preparation 

1. Prepare the initial or make-up "Leach Salt Solution" 
solution. 

a) Add 69.76 kg (153.79 lb.) water into the CaCl 2 tank 

(tank 22). Record the weight and the time of addition. 

b) Add 77.44 kg (170.73 1b.) CaCl 2 to the water in 

tank 22. Record the weight, time and temperature of addition. 
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2. Mix the solution vigorously for 10 minutes or until all 
CaCl 2 is dissolved. 

3. Determine the specific gravity using a hydrometer at 90°C. 
The target specific gravity is 1 .49. 

C. Ca(OH) 2 Solution Preparation 

1. Prepare a solution containing 18.9% CaO (should be 
prepared 24 hours before intended use). 

a) Place 50 kg of water inside the CaO tank (tank 62). 

b) Add 1 1 .65 kg of CaO to the CaO tank. 

c) Allow the solution to mix for at least 30 minutes 

d) Wait at least 2 hours before using the solution 

D. Process Configuration 

1 . Figure 1 shows a schematic flow diagram of the zinc oxide 
(and other products) recovery process utilizing a pyrolysis furnace to make 
an iron/calcium briquette, and crude hearth dust leached with calcium 
chloride; and utilizing lime for zinc precipitation (the preferred 
embodiment described below); 

2. Figure 2 shows a schematic flow diagram of the zinc oxide 
(and other products) recovery process showing a pyrolysis furnace to make 
an iron/calcium briquette, and crude hearth dust; and utilizing caustic for 
zinc precipitation and then its recycle utilizing a chlor-alkali-plant. 

3. Figure 3 shows a schematic flow diagram of the zinc oxide 
recovery process directly from K061 utilizing lime for zinc precipitation; 
and using a reduction furnace produce to metallized iron briquettes 

4. Figure 4 shows a schematic flow diagram of the zinc oxide 
recovery process from K061 utilizing sodium hydroxide for zinc 
precipitation; and using a reduction furnace to produce metallized iron 
briquettes 

II. Standard Pilot Plant Operating Procedure-Pyrometallurgical 
Prior Art: Reduction processes for metallizing (converting iron oxide to iron 
metal) iron bearing wastes and specifically KO-61 have used only carbon (coke, coal, 
etc.) to reduce the metals and allow the vaporization of non-ferrous metals like zinc. 
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Commercial recovery of KO-61 is general inefficient, removing only 80-90% of the zinc 
and metallizing only 90% of the iron. 

Reduction/Metallization/Non-Ferrous metals removal: 

Calcium hydroxide, calcium carbonate, calcium oxide, magnesium hydroxide, 
5 magnesium carbonate, or magnesium oxide along with metallurgical coke is mixed with 
K061 (or other iron and non-ferrous bearing streams) and a small amount of water. The 
blend is often made into a "green ball" being charged to a metallizing reduction 
furnace/rotary hearth furnace, rotary or stationary kiln or other similar furnace process 
which significantly increases the recovery (removal) of such non-ferrous metals, 

10 including, but not limited to, zinc, lead, silver and cadmium. The furnace is further fired 
with natural gas or other gas, liquid or solid fuel to achieve the necessary temperatures. 
The addition of the calcium/magnesium improves the amount of iron metallization 
occurring in the product and besides providing an improved source of iron it can provide 
a balanced source of calcium and magnesium flux which is required in the iron and steel 

1 5 making process to provide for slag and steel chemistry requirements. Normally this type 
of metallization process produces DRI or sinter which has about 90% of these wanted 
non-ferrous metals removed. A typical product produced from KO-61 contains 
approximately 5% (50,000 mg/kg) zinc, while a briquette made from the inventive 
process contains between 600-900 mg/kg (see pilot plant results in Table 17). The 

20 addition of the calcium hydroxide to the KO-61 unexpectedly improves the removal to 
over 99% for zinc and lead removal, and over 95% for cadmium (see pilot v plant results 
Table 18). This results in a preferred product being sold to the steel mill since the final 
fluxed sinter briquette product contains very low levels of non-ferrous metals when 
compared to other iron materials produced from KO-61 that do not use the addition of 

25 calcium and magnesium hydroxide/oxide. The process has the added advantage of 
providing a needed source of calcium and magnesium oxide which is required in the 
processing of iron ore and scrap to iron and steel. The fluxed sinter is briquetted or 
pelletized under elevated pressure in a standard briquetting machine so that it is not 
friable and will withstand the rigors of being delivered into the Electric Arc Furnace or 

30 other steel furnace with less than 1% being less than 1/4 inch in size. This offers the mill 
the added advantage of being able to convey needed calcium and magnesium into the 
furnace as part of the iron briquette, using standard scrap handling magnets, just as is 
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done for steel scrap, with the same handling costs. Because of the large size of the 
briquettes and their structural strength they can also be delivered to the steel melt pot, as 
large chunks, pneumatically or by crane magnet without being lost in the flue gas streams 
out of the steel furnace. 

5 Tests were conducted in a laboratory scale using a small tube furnace to simulate 

the conditions in a full scale reduction furnace. In testing Round 1, approximately 33 gm 
of calcium hydroxide was added to 100 gm KO-61 with low levels of zinc and other non- 
ferrous metals and was compared to KO-61 processed without calcium hydroxide. The 
calcium added product consistently had 0.1-0.5% zinc, while under the same conditions, 

10 zinc ranged from 4.6-5.8% in the final product when not adding calcium oxide/hydroxide. 
In Round 2 tests, calcium hydroxide was added at 18gm, to coke at 15.7gm and lOOgm 
KO-61 with a small amount (approximately 10%) of water and formed into a ball. The 
"green" ball was preheated for 5 minutes at 275°C and processed at 1030-1 100°C for 
15-65 minutes. Zinc levels under the best conditions were in the range of 0.06-0.09%. 

15 Best results were obtained at operating temperatures of 1030°C to 1070°C and retention 
times of 30-65 minutes. For one knowledgeable in the art of metallization a much wider 
range of calcium hydroxide addition is possible as is the variance of amounts of carbon to 
achieve the desired stoichiometry in the furnace, based on the exact feed composition. 
The preferred conditions are a furnace retention time of 45 minutes at 1050°C with 18 to 

20 33 (but a wider range is likely) parts of dried calcium hydroxide, 15.7 parts of low sulfur 
metallurgical coke, and 100 parts Electric Arc Furnace Flue dust KO-61. It is believed 
that the calcium serves to increase the reaction activity of the chemical processes 
occurring in the process. 

III. Standard Pilot Plant Operating Procedure-Hydrometallurgical 

25 Prior Art: Leaches performed with chloride solutions have historically been 

performed with a chloride salt and then the addition of acid or a metal acid salt such as 
ferric or cupric chloride. These approaches require the addition of a costly additive or 
they impart unwanted ions to the solution and carry unwanted ions in the pregnant 
solutions to the next processing step requiring further purification or producing inferior 

30 product quality. Those leaches done with calcium chloride solutions like U.S. Patent No. 
5,078,786 (specifically limited to jarosite containing materials) requires a low pH, and 
leach pressures requiring a pressure vessel. Other processes use sodium chloride with the 
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disadvantage of requiring acid or chlorine, resulting in increased chemical costs and the 
generation of iron chlorides needing further treatment and disposal. 
Leach: 

Chemistry: Probable leach reactions for Zn, Cd, Cu and Pb (herein represented by 
5 the reference M) are set forth below as equations 3-5. Other elements like Fe, Mg, Ca, Cr 
and Mn do not generally leach under the stated concentration unless the chloride 
concentrations are substantially reduced. The reactions are as follows: 

Equation 3 : 3CaCl 2 + 2MO + 2H 2 0 <=> Ca ++ + 2MC1 3 " + 2Ca(OH) 2 
Equation 4: CaCl 2 + MC1 2 <=> [Ca ++ + MC1 4 ~] 

10 Equation 5: CaCl 2 + MO + H 2 0 <=> MC1 2 + Ca(OH) 2 , wherein M=Zn, Cd, Cu 

and/or Pb, and wherein the metal chloride complex is MC1 3 " . 

The process is unique and different than alternative processes in that the 
equilibrium of extremely high calcium chloride concentrations drives the reactions 
"backwards" forcing the metals into solution as chloride complexes, while the calcium 
15 precipitates as calcium hydroxide. By "backwards" applicants mean that the reaction is 
driven to unexpectedly produce calcium hydroxide and the chloride complex. When 
fluorides are present in the feed insoluble calcium fluoride is formed. One of the 
beneficial aspects of the process is that iron is essentially insoluble at these 
concentrations and is thus not carried to subsequent operations, or if it is, the quantities 
20 are sufficiently small to be easily removed and recycled without making large quantities 
of ferric hydroxide for disposal. 

While the leach temperature may be above 80°C, or the crystallization point of the 
solution, a temperature just below the boiling point is preferred. The preferred reaction 
pressure is ambient to control capital equipment costs, but the process can take place at 
25 more elevated temperatures and pressures. 

A. Metals Leach Reaction 

1 . Add zinc hearth dust to the reactor 20. 
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a) Obtain a sample of CaCl 2 - H 2 0 solution to be added to 
reactor 20. (Label: Leach Salt Solution from CaCl 2 tank 22). 

b) Measure out 61 L of the CaCl 2 - H 2 0 solution and transfer 

it to reactor 20 (stream 200). 

c) Measure out 2.54 kg zinc hearth dust from storage tank 18. 

(stream 100). Record the weight. 

d) Add this material to the 61 L of CaCl 2 - H 2 0 solution at 

90°C at atmospheric pressure. Record the time and temperature of 
addition. 

2. Latch and tighten the bolts around the cover of reactor 20. This 
will prevent any water evaporation from the reactor during the leaching process. 

3. Heat the leach reactor 20 to a reaction temperature of 120°C. The 
reaction time at this temperature is approximately ninety minutes at 0 psig. 

4. Every 30 minutes, monitor the temperature, and pressure, and note 
any fluctuations. 

5. After 90 minutes at the reaction temperature, remove a 125 ml 
sample of the slurry. 

a) Record the time and the reactor temperature 

b) Measure the pH, mV, and temperature of the sample in the 
Lab, conduct Inductively Coupled Plasma Emission Spectrometer (ICP) 
analysis. 

B. Pre-Heat Filter 

By heating the filter before use, this step insures that the calcium and metal salts 
do not crystallize out during filtration. 

1. Place a clean filter leach cake cloth into filter 16. Make sure the 
cloth is centered before closing the filter. 

2. Push down on the end labeled "pump" on the hydraulic pump 
located on the filter table. Run the hydraulic pump until the pressure reading on 
the pressure gauge is close to the red line which indicates a pressure of 2000 psi. 
DO NOT pump past the red line. 

3. Close the valve located behind the pressure gauge of the hydraulic 
pump. This will help to prevent leaks through the filter. 
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4. Place insulation over the filter and tighten the wires around it 

5. Place the heat gun at the bottom of the filter, pointing up towards 
the filter. The heat gun, as well as all of the other pre-heating steps, will help to 
prevent CaCl 2 precipitation in the leach cake and to speed up the rate of filtration. 

5 6. Turn on the hot water pump switch (stream 500). 

7. Slowly turn the hot water valve open and allow the water to flow 
through filter 16 for one minute. 

8. Close the water valve and open the air valve to blow out excess 
water in the filter. 

10 9. Close the air valve. 

10. Attach the hose exiting reactor 20 to the hose entering the filter 

pump. 

1 1 . Open the air bleed valve located to the left of the reactor pressure 
gauge to release any vapor pressure that had built up inside the reactor. 

15 12. Unlatch the reactor door latches and insert the outlet recirculation 

hose (not shown) of filter 16 into the reactor. Secure the hose with plastic cable 
latches. 

13. Make sure all the valves on the filter are closed. 

14. Open the reactor outlet valve located at the bottom of the reactor. 
20 15. Turn on the pump to the filter. 

16. Slowly open the valve to the outlet recirculation hose. This allows 
the hot slurry to circulate from the filter pump line and back into the reactor. The 
slurry will heat up the pump line as it circulates. 

17. Allow the slurry to circulate in the lines for a couple of minutes 
25 before proceeding to the Leach Slurry Filtration step. 

18. Check the temperature of the solution in CaCl 2 leach solution 

tank (tank 22) to make sure is approximately 90°C and the specific gravity of the 
solution is at 1.49. Add water if necessary to adjust the specific gravity to 1.49. 

19. Take a CaCl 2 Leach Salt Wash solution sample. .(Label: Leach 

30 Salt Wash (before wash)) 

a) Record the time and temperature of the solution. 
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b) Measure the pH ? mV, and temperature of the sample in the 

lab. 

c) Conduct an ICP analysis. 
C. Leach Slurry Filtration 

5 1. Maintain the solution temperature between 90° - 110°C while 

filtering through the Larox filter 16. 

2. Close the outlet recirculation valve slightly to decrease the amount 
of solution that flows back into reactor 20. 

3. Slowly open the valve to the filter and allow the slurry pressure to 
1 0 reach a pressure within the range of 60-90 psi. 

4. Collect the filtrate in buckets (stream 625). 

5. Close the filter outlet recirculation valve. 

6. Check the level of solution inside the reactor and allow the pump 
to continue pumping until the sound of the pump starts to change. 

15 7. Close the reactor outlet discharge valve. 

8. Open the valve to the Larox filter diaphragm pump. 

9. Open the valve located on the left side of the pressure gauge on the 
Larox filter diaphragm pump. This allows water to be pumped into the diaphragm 
and press the solids inside the filter to "squeeze" more fluids out of the cake. 

20 10. Slowly open the filter outlet valve and pump the remaining slurry 

in the lines into a bucket (stream 650). 

1 1 . Turn off the pump. 

12. Detach the hose and attach it to the outlet located at the bottom of 
CaCl 2 tank 22. 

25 13. Transfer filtrate to the cementation Tank 24 after filtration and hold 

at approximately 90°C+. 

14. Determine the filtrate volume. 

15. Determine the specific gravity of the filtrate. 

16. Remove a 50 ml sample of the filtrate. (Label : Leach Filtrate) 
30 a) Record the time and reactor temperature. 

b) Measure the pH, mV, and temperature of the sample in the 

lab. 
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c) Conduct an ICP analysis. 

d) Note any observations. 

17. Measure and record the volume and the weight of the remaining 

slurry. 

18. Dispose of the remaining slurry properly. (Note: the remaining 
slurry is disposed of during this pilot plant process because only small quantities 
are used for measurement purposes. During commercial processing all of the 
products and wastes of the process are fed back into the system so that all streams 
are recycled.) 

D. "Leach Salt Solution" Wash 

This step is designed to remove the entrained pregnant leach solution from the 
filter cake and has been found to further increase metals recovery. 

1 . Open the valve located at the bottom of the CaCl 2 tank 22. 

2. Turn on the pump to filter 16. 

3. Close the air valve (hereinafter the yellow lever) to pressurize the 
Larox filter diaphragm pump. 

4. Slowly open the valve to the filter and close the valve to the 
diaphragm return/relief line (hereinafter the blue lever) on the Larox filter 
diaphragm pump to relieve the pressure in the diaphragm. 

5. Wash the filter cake solids from filter 16 with the CaCl 2 solution 

from tank 22 (total of 13.6 L) solution. ( stream 210) 

a) Close the filter outlet valve to stop the flow of filtrate when 
3L of CaCl2 solution has been collected. This will allow the solution to 

fill the filter and soak the solids to achieve maximum zinc recovery. 

b) Allow the solids to soak for two minutes. 

c) Open the filter outlet valve. 

d) Wash the solids with an additional 10.6 L of CaCl 2 
solution. 

6. Remove 50 ml of spent CaCl 2 wash solution (after washing the 

solids) (Label: Spent Leach Wash Salt) 

a) Record the time and temperature of the wash solution 
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b) Measure the pH 5 mV 5 and temperature of the sample in the 

lab. 

c) Conduct an ICP analysis. 

7. Open the valve (yellow lever) to the Larox filter diaphragm pump. 

8. Open the valve (blue lever) located on the left side of the pressure 
gauge on the Larox filter diaphragm pump. This allows water to be pumped into 
the diaphragm and press the solids inside the filter to "squeeze" more fluids out of 
the cake. 

9. Detach the feed hose, stream 200, (hereinafter the green hose) from 
the filter. 

10. Slowly open the outlet valve and pump the remaining solution in 
the lines into a bucket and transfer it back into the CaCl 2 tank 22. 

1 1 . Turn off the pump. 

12. Determine the total spent CaCl 2 wash volume and specific gravity. 

13. Add spent wash solution to the leach filtrate in cementation 
Tank 24 and maintain the temperature in the range of 90-1 10°C (stream 650). 

E. Water Wash 

This step is included to wash out and recover chlorides, recover potassium 
chloride and sodium chlorides, and increase non-ferrous metal and specific copper 
recovery. It has been found that as the chloride concentration slowly decreases that the 
solubility of copper increases. Wash time and duration of the contact directly effect the 
recovery and can be varied to increase or decrease specific metals recovered based on the 
various feed materials charged to the leach. 

1 . For this test, fresh water will be used, but recycled water may also 
be used. 

2. Turn on the water pump to the water tower. 

3. Close the valve (yellow lever) on the Larox filter diaphragm pump. 

4. Slow open the water valve to the filter and close the valve (blue 

lever) on the Larox filter diaphragm pump. 

5. Use 6.3L of H 2 0 to wash the leached cake solids (stream 500) 

following the CaCl 2 wash (stream 210). 
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a) Close the filter outlet valve to stop the flow of filtrate when 
3L of wash water has been collected. This will allow the solution to fill 
the filter and soak the solids to achieve maximum salt recovery. 

b) Allow the solids to soak for two minutes. 
5 c) Open the filter outlet valve. 

d) Wash the solids with an additional 3.3 L of wash water. 

6. Open the valve (yellow lever) to the Larox filter diaphragm pump. 

7. Open the valve (blue lever) located on the left side of the pressure 
gauge on the Larox filter diaphragm pump. This allows water to be pumped into 

10 the diaphragm and press the solids inside filter 16 to "squeeze" more fluids out of 

the cake. 

8. Determine the spent wash water volume. Theoretical volume = 

6.3L 

9. Obtain a 50 ml wash water sample (after washing the solids, Label: 
1 5 Spent Leach Wash Water (after wash)). 

a) Record the time and temperature of the wash water solution 

sample. 

b) Measure the pH. 

c) Conduct an ICP analysis. 

20 10. Add the spent wash water to cementation Tank 24 (stream 600). 

1 1 . Obtain a sample of a combination solution of leach filtrate, leach 
salt wash, and water wash (solution in the cementation Tank) (stream 675, Label: 
Leach Blend (filtrate+Salt+H 2 0 Wash)). 

a) Record the time and temperature of the combined solution. 
25 b) Measure the pH. 

c) Conduct an ICP analysis. 

12. Close the valve (yellow lever) on the Larox filter diaphragm pump. 

13. Slow open the air valve to the filter and close the valve (blue lever) 
on the Larox filter diaphragm pump. 

30 14. Allow the air to flow through filter for 1 minute. 

15. Close the air valve to filter. 

1 6. Turn off the heat gun and remove the insulation. 
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17. Open the filter by pushing the end labeled "release" on the 
hydraulic pump. 

18. Carefully remove the filter cloth and the cake from the filter. 



19. Obtain a sample of cake (Label: Leach Cake) (stream 1600). 


a) 


Record the total weight of the cake. 


b) 


Record the thickness of the cake. 


c) 


Conduct an ICP analysis. 


d) 


Store the solids inside a plastic bag. Label the bag 


properly. 





1 0 Cementation Step : 

Lead, copper, cadmium, silver, other valuable metals and trace amounts of iron 
are cemented out in this process. The uniqueness of the process relies on varying the 
chloride concentration with water dilution concentration, instead of pH control with acid 
addition, to set up the conditions where the addition of zinc, aluminum, copper, or iron 

15 powder or dusts will selectively cement out the desired metal to be recovered. The 
uniqueness of the process is that at natural pH conditions of 6 pH or higher the desired 
metals cement out and, unexpectedly, metal oxides or hydroxides are not produced. 
Thus, the metals made are suitable for metal smelters/refiner/processors, production of 
elemental metal or other processes seeking reduced ( metallized) metals or direct sale. 

20 The process produces a filtrate (pregnant zinc solution), which contains zinc 

chloride complexes, which is pure and ideally suited for the production of zinc 
oxychloride and subsequently rubber grade 99% active zinc oxide. The preferred 
solution contains less than 2 ppm of lead, copper, cadmium, and iron. 

The preferred method for processing of the pregnant leach solution from zinc 

25 hearth dust or K061 is to cement all the metals simultaneously with zinc dust and directly 
sell or process the recovered metals in an additional step to extract cadmium from smelter 
feed. The process can be performed with a single stage or continuous countercurrent 
reaction, but a two stage countercurrent process is preferred to increase the efficiency of 
the zinc dust addition to the preferred utilization of 1.2 times stoichiometric. 

30 The prior art processes require the adjustment of pH below pH 6 through the 

addition of costly acid and then the addition of a base to facilitate the desired cementation 
without the formation of unwanted metal hydroxides or oxides. In contrast, the present 
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invention uses a pH of approximately six or greater and does not require an acid or a base 
to facilitate the desired cementation step conditions. 

F. Iron Removal Pretreatment/Post Treatment: This step may be a) omitted, 
b) performed before the cementation of metals, or c) performed after cementation. 

1. Mix the combined solution (pregnant leach filtrate, CaCl 2 spent 

wash and the water spent wash). 

2. Add additional water to the solution as required to adjust the 
preferred specific gravity to 1.43. 

3. Sparge the solution gently with air or oxygen at 70-90°C until 
saturated and floe forms. Accordingly, the iron is oxidized by the injection of 
oxygen or air and the iron is then separated. 

4. Filter out the iron bearing solids using poly-electrolyte coagulant 
as required (such as Nalco 9812). 

5. Analyze to confirm that the iron content of the filtrate is below 

6 ppm. 

G. Cementation of Metals from the Pregnant Leach Solution: A two 
stage counter current reaction is preferred. 

Stage I: 

Mix the combined solution (pregnant leach filtrate, CaCl 2 spent wash, and H 2 0 
spent wash). 

1. Add water to the combined leach solution as required to adjust the 
specific gravity to 1.43. 

2. Remove a 50 ml sample of solution (Label: Cementation Solution 

Start). 

3. Combine the mixed solutions with the partially reacted zinc and 
metal solids settled from Stage II and mix vigorously for 45 minutes at 90 C. 

4. The following reactions take place in cementation: 

a) Zn + [Ca + 2MC1 3 ] <=> M[CaZnCl 3 ] 

b) Zn + MC1 2 <=> M + ZnCl 2 

5. Obtain a sample of solution (Label: Cement, Stage 1 @ 
Time ) 

a) Record the time and date. 
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b) Measure the pH. 

c) Conduct an ICP analysis. 

6. Check with lab personnel to determine the lead level in solution. 

a) If more than -25% of the lead that came into cementation 
5 Stage I is left in solution, add 20g of zinc dust to the solution and mix for 

another 30 minutes (level of Pb should be <400 mg/kg). 

(1) Obtain a sample of solution (Label: Cement, 
Stage 1 @ Time ) 

(2) Record the time and date. 
10 (3) Measure the pH. 

(4) Conduct an ICP analysis. 

b) Check with lab personnel to determine the level of Pb 
remaining in solution (the level of Pb should be <400 mg/kg). 

c) Pump all of the solution and solids in cementation Tank 24 
15 into buckets using the gray pump. 

d) Allow the solids to settle inside the buckets. 

e) Decant the solution back into cementation Tank 24 for 
Stage II. 

f) Collect the remaining solids into one bucket and decant. 
20 The cementation solids are now ready for the heavy metals refining step. 

(stream 2000). 

(1) Obtain a sample of the solids (Label: cementation 

Solids). 

(2) Record the total weight of the solids. 
25 (3) Conduct an ICP analysis. 

(4) Store the solids inside a plastic bag. Label the bag 
properly. 

Stage II 

7. Determine specific gravity of the solution from Stage I. Add water 
30 as required to set the specific gravity to 1 .43 ( stream 570). 

8. At 90°C, add 80g Zn dust into cementation Tank 24. Record the 
weight, time, and temperature of addition. 
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9. Mix vigorously for 30 minutes. 

10. Obtain a sample of solution (Label: cementation Stage 2 @ 
Time ). 

a) Record the time and date. 
5 b) Measure the pH. 

c) Conduct an ICP analysis. 

11. Check with Lab Personnel to make sure the level in solution of 
Pb<5 mg/kg, Cd<2 mg/kg, and Cu<l mg/kg. If any of the heavy metals in 
solution is higher than the values specified above, add an additional 20g Zn dust 

10 and mix for another 30 minutes before filtering. Repeat as necessary. 

12. Filter the solution using a cartridge filter and leave all the solids 
inside the tank. The solids will be used in Stage I of the next incoming batch 
(stream 700). 

13. Obtain a 50 ml sample of the filtrate (Label: cementation Stage 2 
15 Filtrate) 

a) Record the time and date. 

b) Observe the pH. 

c) Conduct an ICP analysis. 
Determine the Solution Volume and Specific Gravity. 

20 Transfer the filtrate into Precipitation Tank 26. 

Repeat steps A-F for another run before proceeding to step G to amass to full runs 
for the next step. 

Heavy Metals: 

Because some lead smelters may prefer feed without cadmium, the inventive 
25 process takes the heavy metals (stream 2000) and reacts them with hydrochloric acid 
(stream 9200) to selectively leach cadmium. The lead, copper, and silver are filtered or 
separated out (stream 2150). The cadmium solution (stream 2200) is cemented with zinc 
dust (stream 9300) after pH adjustment under conditions well known in the industry and 
separated from the barren solution (stream 2500) by filtration. The barren solution can 
30 then be recycled (stream 2500) back into the process. Other extractive and separation 
processes may also be used. 
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The heavy metal concentrate (stream 2150) is pelletized and may then be 
introduced to a molten metal bath and made into ingots (stream 1400). The cadmium 
concentrate (stream 2350) is pelletized and may then be introduced to a molten metal bath 
and made into ingots (stream 1500). 
5 Simonkolleite/Zinc Oxy chloride Precipitation: 

The present invention first produces a high grade Simonkolleite and then 
purposefully converts it to a high purity zinc oxide. This is accomplished by adding 
water (stream 540) to dilute the solution chloride concentration sufficiently to begin to 
reverse the leach reactions. The result is the spontaneous and unexpected precipitation of 

10 approximately 35% of the zinc without the addition of a base. In the second phase of this 
step, a base is added to precipitate the bulk of the remaining zinc in solution. A cold 
solution temperature is preferred because it produces almost pure Simonkolleite, recovers 
approximately 95% of the zinc in solution, and makes the determination of the amount of 
base to be added a direct function of the remaining zinc in solution. 

15 The selection of the base is determined by the economics and the desired end 

products of the entire process. Burnt lime (calcium oxide slurried to make calcium 
hydroxide) is preferred because at this time, as it is less costly over all when considering 
the desired end products, it is preferably used in the reduction furnace, and is a relatively 
inexpensive raw source material. Alternatively, the inventive process lends itself to the 

20 use of sodium/potassium hydroxide because these bases produce salt, which when 
extracted from the solution, become feed for a chlor-alkali plant or other recycling 
process which can then produce sodium/potassium hydroxide and hydrochloric acid to be 
sold or used again in the process. 

The Simonkolleite bearing solution can be separated, preferably with a filter, from 

25 the high chloride barren solution (stream 550) and may be hot washed at 90°C with, 
preferably, a calcium chloride solution (stream 8 1 0) to remove potassium chloride and to 
retain potassium in solution. The Simonkolleite is then water washed (stream 540) to 
remove residual soluble chlorides to facilitate the quality of the Simonkolleite during the 
conversion to zinc oxide. The spent wash water (stream 550) is then recycled. Having 

30 the lowest possible level of soluble chlorides in the Simonkolleite/zinc oxychlorides after 
it is reslurried assures the lowest possible level of chlorides in the final zinc oxide product 
when processed, according to the process disclosed herein. 
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H. Dilution of Filtrate Solution with water: 

1. This step contains the solutions from two separate runs that have 
completed the cementation step. 

2. If the temperature of the solution is above room temperature, turn 
5 on the cooling coil to cool the solution down to room temperature (20-25°C). 

a) Remove a 50 ml sample (Label: ZnOx Liquid Before 
(before dilution)) 

(1) Record the time and date, 

(2) Measure the pH. 

10 (3) Conduct an ICP analysis. 

(4) Determine the solution volume and specific gravity 
at room temperature. 

3. Obtain a sample of the solution in Zinc Oxy chloride Spent Wash 
Tank 30 (recycled from prior runs) before using it for dilution. (Label: ZnOx 

15 Dilution Water) 

a) Record the time and date. 

b) Measure the pH. 

c) Conduct an ICP analysis. 

4. Add water stored in Zinc Oxy chloride Spent Wash Tank 30 to Zinc 
20 Oxychloride Precipitation Tank 26 until the specific gravity of the Zinc 

Oxychloride Precipitation Solution is 1.39 at room temperature (stream 560). 

5. Mix for 60 minutes. 

6. Determine the total solution volume at SG = 1.39 and room 
temperature. 

25 7. Remove a 125 ml sample of solution (Label: ZnOx Liquid After 

(after dilution)) 

a) Record the time and date. 

b) Measure the pH. 

c) Conduct an ICP analysis of the diluted solution. 

30 8. Check with Lab Personnel to determine the level of Zn left in 

solution. 
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9. The amount of lime required is calculated by the following 
formula: Lime (18.9% calcium hydroxide)Solution (g) Required = [Solution Vol. 
(L) at SG 1.39 X zinc (mg/kg) less 500(mg/kg) ] X .0053214) 
This step produces predominantly Simonkolleite (a zinc oxychloride) and small 

amounts of zinc oxide, depending on conditions, which is believed to occur according to 

the following reactions: 

Equation 7: 5Ca ++ +2ZnCl 3 "+8Ca(OH) 2 <=> Zn 5 Cl 2 0 4 -5H 2 0+13CaCl 2 

Equation 8: Ca ++ +2ZnCl 3 ~ +2Ca(OH) 2 <=> 2ZnO+ 3CaCl 2 +2H 2 0 Equation 9: 
ZnCl 2 +Ca(OH) 2 <=> ZnO+CaCl 2 +H 2 0 , wherein the Simonkolleite is 
Zn 5 Cl 2 0 4 *5H 2 0. 

I. Zinc Oxychloride precipitation Step 2 

1 . Obtain a sample of the lime used in this step (Label: ZnOx Lime) 

a) Record the time and date. 

b) Measure the pH. 

c) Conduct an ICP analysis. 

2. Measure and add the amount of Lime calculated in step G to the 
Zinc Oxychloride Precipitation Tank 26 at room temperature (stream 9100). 

a) Record the total weight of Lime used and the time of 
addition. 

3. Mix the solution vigorously for one hour. 

4. Remove a 125 ml sample of the slurry at 45 minutes and at 
60 minutes after the lime addition (Label: ZnOx Slurry @ Time ). 

a) Record the time and date the sample is taken. 

b) Measure the pH. 

c) Conduct an ICP analysis of the slurry. 

5. Filter the solution through the Larox filter 28. The solution may be 
filtered in several batches (stream 750). To filter the ZnOx Slurry in 3 batches 
divide the total slurry volume in 3 and do step 5-23 for each batch. 
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a) Attach the green hose to the outlet located at the bottom of 
Zinc Oxychloride Precipitation Tank 26. 

b) Place a clean filter zinc oxychloride/ZnO cloth into filter 
28. Make sure the cloth is centered before closing the filter. 

c) Push down on the end labeled "pump" on the hydraulic 
pump located on the filter table. Allow the air to pump until the pressure 
reading on the pressure gauge is close to the red line. DO NOT pump past 
the red line. 

d) Close the valve located behind the pressure gauge of the 
hydraulic pump. This will help to prevent leaks through the filter. 

e) Make sure all valves on the filter are closed 

f) Open the Zinc Oxychloride Precipitation Tank outlet valve. 

g) Turn on the pump. 

h) Collect the filtrate in buckets. 

6. Transfer the filtrate to Evaporation Tank 32 (stream 800 or 820). 

7. Check the level of solution inside the tank and detach the green 
hose when the tank is empty. 

8. Allow the pump to continue pumping until the sound of the pump 
starts to change. 

9. Open the valve (yellow lever) to the Larox filter diaphragm pump. 

10. Open the valve (blue lever) located on the left side of the pressure 
gauge on the Larox filter diaphragm pump. This allows water to be pumped into 
the diaphragm and press the solids inside the filter to "squeeze" more fluids out of 
the cake. 

11. Slowly open the outlet valve and pump the remaining slurry in the 
lines into a bucket. 

1 2 . Turn off the pump . 

1 3 . Dispose of the slurry properly. 



a) 
b) 



Determine the total filtrate volume. 



Obtain a 50 ml sample of filtrate (Label: ZnOx Filtrate). 

(1) Record the time and date. 

(2) Measure the pH. 
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(3) Conduct an ICP analysis. 

14. Turn on the water pump to the water tower. 

15. Close the valve (yellow lever) on the Larox filter diaphragm pump. 

16. Slow open the water valve to the filter and close the valve (blue 

lever) on the Larox filter diaphragm pump. 

17. Use 25L (total) of H 2 0 to wash the Zinc Oxychloride Cake 

(stream 540). 

a) Close the filter outlet valve to stop the flow of filtrate when 
3L of wash water has been collected. 

b) Allow the solids to soak for two minutes. 

c) Open the filter outlet valve. 

d) Wash the cake with an additional 5.3L (for each cake). 

18. Open the valve (yellow lever) to the Larox filter diaphragm pump. 

19. Open the valve (blue lever) located on the left side of the pressure 
gauge on the Larox filter diaphragm pump. This allows water to be pumped into 
the diaphragm and press the solids inside the filter to "squeeze" more fluids out of 
the cake. 

20. Determine the total wash water volume. Theoretical volume = 25L 
total (the sum of wash water for 3 cakes). 

21. Obtain a wash water sample (after washing the solids) (Label: 
ZnOx Spent Wash Water). 

a) Record the time and temperature of wash water solution. 

b) Measure the pH. 

c) Conduct an ICP analysis. 

22. Close the valve (yellow lever) on the Larox filter diaphragm pump. 

23. Slowly open the air valve to the filter and close the valve (blue 
lever) on the Larox filter diaphragm pump. 

24. Allow the air to flow through filter for 1 minute. 

25. Close the air valve to the filter. 

26. Open the filter by pushing the end labeled "release" on the 
hydraulic pump. 
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27. Carefully remove the filter cloth and the cake from the filter 
(stream 1000). 

28. Obtain a sample of cake (Label: ZnOx Cake), 
a) Record the total weight of the cake. 

5 b) Record the thickness of the cake. 

c) Conduct an ICP analysis. 

29. Store the solids inside a plastic bag. Label the bag properly. 
Evaporator Crystallization: 

By the evaporation of water from the filtrate of the Zinc Oxychloride Precipitation 
10 the NaCl and KC1 crystallize out when the correct concentration of CaCl 2 to water is 
reached for the next leach. By dropping the temperature below 90°C the CaCl 2 
concentration can be controlled by crystallizing out excess CaCl 2 which builds up in the 
system due to the entry of chlorides in the feed. A temperature of 80°C is preferred. 
J. Recycle "Leach Salt Solution" Evaporator: 
15 1 . Transfer the solution in filter 28 into evaporator 32. 

2. Record the volume and specific gravity of the solution transferred. 

3. Boil the sample inside the evaporator at 130°C for 4 hours to 
evaporate out the water. 

4. Cool the remaining mixture down to 90 °C with the evaporator's 
20 cooling system before filtering. 

5. Check that the specific gravity of the solution inside evaporator 32 
is now 1 .5 1 , at a temperature of approximately 90°C. 

6. Cool the solution further to 80°C. 

7. Remove 100 ml of sample (Label: Evap. Slurry). 
25 8. Record the time and temperature. 

9. Conduct an ICP analysis of the sample. 

10. Filter the rest of the solution using the Larox Filter (stream 850). 
K. Pre-Heat Filter 

1. Place a clean filter leach cake cloth into filter 16. Make sure the 
30 cloth is centered before closing the filter. 
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2. Push down on the end labeled "pump" on the hydraulic pump 
located on the filter table. Allow the air to pump until the pressure reading on the 
pressure gauge is close to the red line. DO NOT pump past the red line. 

3. Close the valve located behind the pressure gauge of the hydraulic 
pump. This will help to prevent leaks through the filter. 

4. Place the filter insulation (hereinafter the silver/gray cover) over 
the filter and tighten the wires around the claps. 

5. Place the heat gun at the bottom of the filter, pointing up towards 
the filter. The heat gun, as well as all of the other pre-heating steps, will help to 
prevent CaCl 2 precipitation in the salt cake and to speed up the rate of filtration. 

6. Turn on the water pump switch. 

7. Slowly open the water valve and allow the water to flow through 
the filter for one minute. 

8. Close the water valve and open the air valve to blow out excess 
water in the filter. 

9. Close the air valve. 

10. Attach the hose exiting reactor 20 to the green hose of the filter 

pump. 

1 1 . Open the air bleed valve (hereinafter the black valve) located to the 
left of the reactor pressure gauge to release any vapor pressure that had built up 
inside reactor 20. 

12. Unlatch the reactor door latches and insert the outlet hose of the 
filter into the reactor. Secure the hose with plastic cable latches. 

1 3 . Make sure all the valves on the filter are closed. 

14. Open the reactor outlet valve located at the bottom of reactor 20. 

1 5 . Turn on the pump to the filter. 

16. Slowly open the valve to the outlet hose. This allows the hot slurry 
to circulate from the pump line and back into the reactor. The slurry will heat up 
the pump line as it circulates. 

17. Allow the slurry to circulate in the lines for a couple of minutes 
before proceeding to the Salt Slurry Filtration step. 

L. Salt Slurry Filtration (NaCl/KCl Cake & Recycled CaCl 2 Solution). 
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1 . Maintain a solution temperature of 80°C. 

2. Close the outlet valve slightly to decrease the amount of solution 
that flows back into the reactor. 

3. Slowly open the valve to the filter and allow the slurry pressure to 
reach a pressure of between 60-90 psi. 

4. Collect the filtrate in buckets (stream 900) 

5. Close the filter outlet valve. 

6. Check the level of solution inside the reactor and allow the pump 
to continue pumping until the sound of the pump starts to change. 

7. Close the reactor outlet valve. 

8. Open the valve (yellow lever) to the Larox filter diaphragm pump. 

9. Open the valve (blue lever) located on the left side of the pressure 
gauge on the Larox filter diaphragm pump. This allows water to be pumped into 
the diaphragm and press the solids inside the filter to "squeeze' 1 more fluids out of 
the cake. 

10. Slowly open the filter outlet valve and pump the remaining slurry 
in the lines into a bucket. 

1 1 . Turn off the pump. 

12. Detach the green hose. 

13. Measure and record the volume, specific gravity and the weight of 
the remaining slurry. 

14. Dispose of the remaining slurry properly. 

15. Close the valve (yellow lever) on the Larox filter diaphragm pump. 

1 6. Slow open the air valve to the filter and close the valve (blue lever) 
on the Larox filter diaphragm pump. 

17. Allow the air to flow through filter for one minute. 

1 8. Close the air valve to the filter. 

19. Open the filter by pushing the end labeled "release" on the 
hydraulic pump. 

20. Carefully remove the filter cloth and the cake from the filter 
(stream 1700). 

21 . Obtain a sample of cake (Label: NaCl/KCl Cake). 
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a) Record the total weight of the cake. 

b) Record the thickness of the cake. 

c) Conduct an ICP analysis. 

22. Store the solids inside a plastic bag. Label the bag properly. 
5 23. Determine the filtrate volume. 

24. Determine the specific gravity of the filtrate. 

25. Remove a 50 ml sample of the filtrate. (Label: Salt Filtrate). 

a) Record the time and reactor temperature. 

b) Measure the pH, mV, and temperature of the sample in the 

10 lab. 

c) Conduct an ICP analysis. 

d) Note any observations. 

26. Check with the Lab personnel to ensure that the Ca level in the 
filtrate is above 170,000 mg/kg before the filtrate is used as leach solution for the 

1 5 next run. 

27. Transfer the filtrate into the CaCl 2 tank or to storage tank(s) and 

hold at a temperature of approximately 90°C+. 

28. Adjust the specific gravity of the solution to 1.49 by adding water. 
Zinc Oxychloride to Zinc Oxide Conversion: 

20 The prior art in U.S. Patent No. 1,863,700 teaches that zinc oxide/oxychlorides 

produced from simple precipitation with calcium hydroxide contain as little as 1% 
chlorides and 3-5% calcium. The patent teaches that to reduce the calcium that 
hydrochloric acid must be added to dissolve the calcium. The patent further teaches a 
process where a zinc product can be produced with 1-2% calcium and 0.8% chlorides at 

25 100°C. Such a product containing 1% chlorides thus mathematically contains 7% 
Simonkolleite or other oxychlorides based on the chloride stoichiometry. Accordingly 
the product comprises less than 92% pure zinc oxide, which is unacceptable for use as 
rubber grade zinc oxide. 

The present invention starts with Simonkolleite/ zinc oxychloride. The 

30 Simonkolleite/zinc oxychloride and most zinc hydroxide present is thermally broken 
down between 125°C and 170°C. The reaction goes to completion in the presence of a 
base as the zinc oxide precipitates under the elevated temperatures. We have learned that 
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the soluble chloride content of the solution in which the Simonkolleite is reslurried must 
be kept below a certain concentration through use of dilution water so that the reaction 
with the base will minimize the oxychloride content in the final zinc oxide product. This 
is especially true when using lime as the base because of the need to minimize excess 

5 calcium in the final product. When using sodium or potassium hydroxide, a 
stoichiometric excess of base may be added (0-30% excess, with 10% being preferred) 
and thus less dilution water (50% preferred) is required. The final step is to dry the zinc 
oxide at a sufficient temperature to decompose the remaining unreacted Simonkolleite, 
zinc hydroxide and zinc hydrates and evaporate the remaining water at a preferred 

10 temperature of approximately 200°C to decompose 1-4% zinc hydrates and produce 99% 
plus pure zinc oxide. 



M. 



ZnO Conversion: 



1) Reslurry the zinc oxychloride cake collected from step H with 10L 
of fresh H 2 0. 



15 



2) Add 43 L of H 2 0 to reactor 60 and heat to 90°C. Fresh water is 
used in the pilot plant process but in an actual plant, spent ZnO wash water from 
the previous runs will be used as the re-slurry water (stream 530). 



3) Calculate the amount of lime required for the ZnO conversion 
using the following formula: 



20 



Amount of Lime Required (kg) = Dry weight of Zinc Oxychloride 
Cake(kg)%3919). 



4) Add the Zinc Oxychloride Re-slurry Slurry to reactor 60 at a 
temperature of 90°C (stream 1 100). 

5) The chemistry is as follows: 



25 



Equation 7: Zn 5 Cl 2 0 4 *5H 2 0+Ca(0H 2 ) <=> 5ZnO+CaCl 2 +6H 2 0 



This reaction will only proceed to full completion when the 
chloride concentration is sufficiently low and sufficient time, temperature 
and mixing have occurred. 
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6) Obtain a sample of lime used in this step (Label: ZnO Lime). 

a) Record the time and temperature of the solution. 

b) Measure the pH. 

c) Conduct an ICP analysis. 

5 7) Measure and record the weight. Add the lime slurry to reactor 60 

at a temperature of 90°C. (stream 9150). 

8) Latch and tighten the bolts around the reactor door. 

9) Record the time of addition and the temperature of reactor 60. 

1 0) Allow the reactor to heat to 1 70°C. 
10 11) Allow the reaction to run for an hour. 

12) Filter the slurry with Larox filter 38 (stream 1 1 50). 

a) Open the black air bleed valve located to the left of the 
reactor pressure gauge to release any vapor pressure that has built up 
inside the reactor or cool the reactor to 100°C. 
1 5 b) Attach the green hose to the outlet located at the bottom of 

the reactor. 

c) Make sure all the valves on the filter are closed. 

d) Open the reactor outlet valve. 

e) Turn on the pump to the filter. 

20 2. Collect the filtrate in buckets (stream 580) 

3. Check the level of solution inside the tank and detach the green 
hose when the tank is empty. 

4. Allow the pump to continue pumping until the sound of the pump 
starts to change. 

25 5. Open the valve (yellow lever) to the Larox filter diaphragm pump. 

6. Open the valve (blue lever) located on the left side of the pressure 
gauge on the Larox filter diaphragm pump. This allows water to be pumped into 
the Larox filter diaphragm and press the solids inside the filter to "squeeze" more 
fluids out of the cake. 

30 7. Slowly open the outlet valve and pump the remaining slurry in the 

lines into a bucket 

8 . Turn off the pump. 
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9. Dispose of the slurry properly, 

10. Remove a 50 ml filtrate sample (Label: ZnO Filtrate). 

a) Record the time and date the sample is taken. 

b) Measure the pH, mV and temperature of the sample. 
5 c) Conduct an ICP analysis. 

1 1 . Turn on the water pump to the water tower. 

12. Close the valve (yellow lever) on the Larox filter diaphragm pump. 

13. Slow open the water valve to the filter and close the valve (blue 
lever) on the Larox filter diaphragm pump. 

10 14. Use 23. 5L (total) of H20 to wash the ZnO Cake (stream 510). 

a) Close the filter outlet valve to stop the flow when 3L of 
wash water have been collected. 

b) Allow the solids to soak for one minute. 

c) Open the filter outlet valve. 

15 d) Repeat steps a-c when 10L of wash water has been 

collected. 

e) Repeat steps a-c when 15L of wash water has been 
collected. 

15. Open the valve (yellow lever) to the Larox filter diaphragm pump. 
20 16. Open the valve (blue lever) located on the left side of the pressure 

gauge on the Larox filter diaphragm pump. This allows water to be pumped into 
the Larox filter diaphragm and press the solids inside the filter to "squeeze" more 
fluids out of the cake. 

17. Determine the wash water volume. Theoretical volume = 23. 5L 

25 total. 

18. Obtain a wash water sample (after washing the solids) (Label: 
ZnO Cake Wash H 2 0). 

a) Record the time and temperature of the wash water 
solution. 

30 b) Measure the pH. 

c) Conduct an ICP analysis. 
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19. Place the spent wash water into Spent ZnO Wash Tank 
(stream 520). 

20. Close the valve (yellow lever) on the Larox filter diaphragm pump. 

21 . Slow open the air valve to the filter and close the valve (blue lever) 
5 on the Larox filter diaphragm pump. 

22. Allow the air to flow through filter for one minute. 

23. Close the air valve to filter. 

24. Open the filter by pushing the end labeled "release" on the 
hydraulic pump. 

10 25. Carefully remove the filter cloth and the cake from the filter 

(stream 1200). 

26. Obtain a sample of cake (Label: ZnO Cake). 

a) Record the total weight of the cake. 

b) Record the thickness of the cake. 
15 c) Conduct an ICP analysis. 

27. Store the solids inside a plastic bag. Label the bag properly. 

28. Transfer the solid mixture to the ZnO oven and dry to 200°C 
(stream 1300). 

29. Analysis: 

20 a) Conduct an ICP analysis of the dry ZnO mixture. 

b) Analyze the mixture for Chlorides. 
Iron/Steel Product Step: 
Option 1 (Figure 1): Preferred Method: 

The calcium rich leach cake from the leach reactor filter 16 is directly valuable in 
25 iron/steel production due to its calcium content: or it is preferably blended with the iron 
bearing material, i.e., EAF dust KO-61 to enhance the removal of non-ferrous metals as 
the iron is reduced making it suitable for steel production feed stock 
N. Form Briquette 

1 . Analyze the leach cake and the EAF dust. 
30 2. Mix the EAF dust (100 grams) by adding pulverized coke 

(15.7 grams) or carbon dust, dried calcium rich leach cake (18.8 grams) and 
additional lime and magnesium with a small amount of water (10 grams) based on 
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the stoichiometric demand to produce a suitable "green" ball pellet with the 
structural strength required, using standard industry practice for direct oxidation 
reduction of the metal oxides. 

3. Vary the chemistry to obtain direct reduced iron or Flux Cake 
specifications of the steel mill customer and to maintain 95% plus metallization. 

4. Pelletize the green ball the material to a size suitable for charge to 
the furnace to be used (3/4 inched diameter or larger is preferred). 

5. Pre-heat the ball at 200-400°C, preferably 275°C, for feed directly 
to a blast furnace or the preferred direct reduced iron furnace. 

O. Direct Reduced Iron Furnace 

1 . Process the Briquette/Pellet at 1000-1 100°C 5 preferably 1050°C, in 
a reducing atmosphere for 15 to 75 minutes, preferably 45 minutes, according to 
standard industry practice. The preferred conditions create an iron/calcium 
material which is over 95% metallized and has had 99% of the zinc and lead 
removed 

2. The reduction furnace product is briquetted or pelletized under 
pressure to produce a uniform solid over 3/4 inch in diameter; Cool in an oxygen- 
less atmosphere with non-contact cooling (may be directly water cooled - this is 
not preferred as it may fracture the briquette). 

3. Analyze the resulting product. 

P. Flue dust from the Briquetting or Direct Reduction furnace may be 
recycled to the hydrometallurgical process feed (preferred) or sold to third parties for 
non-ferrous metal production. 

Note: This metal oxide reduction step may be placed at the beginning of the 
process to produce a zinc rich furnace flue dust suitable as feed for this process (Figures 3 
and 4) (preferred). When so doing, the calcium rich leach cake produced from the 
hydrometallurgical portion of the process is fed into the "green" ball pellet feeder. 

Referring now to FIG. 2, the process described in FIG. 1 is shown except that 
caustic is used, instead of lime, for feed to zinc oxide reactor 60. Additionally, a caustic 
regeneration loop is provided which produces caustic and hydrochloric acid for both 
inside usage and outside sale. In particular, tank 62 contains caustic. Filter 40 feeds 
calcium chloride in stream 900 to leach reactor 20, and feeds sodium chloride and 
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potassium chloride in stream 1700 to a salt re-slurry tank 80. Evaporator 32 feeds water 
in a stream 512 to salt re-slurry tank 80. Tank 80 dissolves the salts and feeds the 
dissolved salt solution in a stream 1710 to a calcium ion removal system 82. An ion 
exchange is conducted in tank 82 to remove the calcium ions from solution. Tank 82 
5 then feeds the sodium/potassium solution without the calcium ions in a stream 1720 to a 
chlor-alkali plant 84. Plant 84 produces caustic which is fed in stream 1730 to caustic 
tank 62 and produces hydrochloric acid which is fed in a stream 1 740 to a hydrochloric 
tank 86 for outside sale. A portion of the hydrochloric acid may be used to maintain 
chloride balance in stream 200 or to feed stream 9200 to cadmium leach tank 42. During 

10 this process, caustic is reacted with stream 700 in tank 26 to make Simonkolleite and in 
reactor 60, the Simonkolleite is reacted with the caustic to produce zinc oxide, sodium 
chloride and water. Accordingly, reactor 26 and reactor 60 produce sodium/potassium 
chloride, instead of calcium chloride, as in FIG. 1 . In this process, calcium chloride at 
stream 1800 typically is not produced. 

15 Referring to FIG. 3, the process described in FIG. 1 is shown except that the 

sequence of hearth furnace 14 and electric arc furnace 12 is reversed. Accordingly, 
hearth furnace 14 feeds metallized iron briquettes in stream 1900 to EAF 12. EAF 12 
feeds EAF Red Dust in stream 9900 to dust storage tank 18. K061 is processed in leach 
reactor 20 and the dregs are dried and sold as magnetite or used to make briquettes in 

20 stream 1600 for feed to the reduction hearth furnace 14. Again the presence of calcium 
hydroxide from the leach will enhance non-ferrous metal recover and metallization of the 
iron for an improved product 1900. Any non-ferrous dust generated in hearth furnace 14 
is added to tank 18. The remainder of the process is the same as that shown in FIG. 1 . 

Referring to FIG. 4, the process described in FIG. 2 is shown except that the 

25 sequence of hearth furnace 14 and electric arc furnace 12 is reversed. Accordingly, 
hearth furnace 14 feeds metallized iron briquettes in stream 1900 to EAF 12. EAF 12 
feeds EAF Red Dust in stream 9900 to dust storage tank 18. K061 is processed in leach 
reactor 20 and the dregs dried and sold as magnetite or are used to make briquettes in 
stream 1600 for feed to hearth furnace 14. Because calcium is not generated by the leach 

30 process, to obtain the benefits of calcium addition it must be separately added (not 
shown). The remainder of the process is the same as that shown in FIG. 2. 
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FIG. 5 shows a detailed schematic flow diagram of the Simonkolleite production 
and zinc oxide production portions of the overall process of FIG. 1 . 

FIG. 6 shows a detailed schematic flow diagram of the zinc oxide from zinc 
oxychloride portion of the overall process of FIG. 1 . 
5 FIG. 7 shows a graph which compares the zinc oxide produced by the present 

inventive process with zinc oxide prepared by a standard process. According to the 
graph, the zinc oxide produced by the present invention is an exact compositional match 
to the zinc oxide produced by the French Process prior art process. 

Table 1 shows tests of rubber compounds using zinc oxide produced by the 
10 inventive process. 

Table 2 shows tests of rubber compounds using zinc oxide produced by the 
inventive process. 

Table 3 shows tests of rubber compounds using zinc oxide produced by the 
inventive process. 

1 5 Table 4 shows tests of rubber compounds using zinc oxide produced by the 

inventive process. 

Table 5 shows tests of rubber compounds using zinc oxide produced by the 
inventive process. 

Table 6 shows an elemental chemical analysis of the components of the hearth 
20 dust in stream 9950 for several different runs. 

Table 7 shows an elemental chemical analysis of the components of the calcium 
chloride in streams 200 (upper sub-table) and 210 (lower sub-table) for several different 
runs. 

Table 8 shows an elemental chemical analysis of the components of the leach 
25 cake in stream 1600 for several different runs. 

Table 9 shows an elemental chemical analysis of the components of the heavy 
cementation in stream 2000 for several different runs. 

Table 10 shows an elemental chemical analysis of the components of the zinc 
chloride complex solution in stream 700 for several different runs. 
30 Table 1 1 shows an elemental chemical analysis of the components of the lime in 

stream 9100 for several different runs. 
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Table 12 shows an elemental chemical analysis of the components of the filter 
cake material pressed in filter 38 before washing with stream 510, for several different 
runs. 

Table 13 shows an elemental chemical analysis of the components of stream 800 
5 from filter 28 for several different runs. 

Table 14 shows an elemental chemical analysis of the components of stream 1700 
from filter 40 for several different runs. 

Table 15 shows an elemental chemical analysis of the components of stream 580 
from filter 38 for several different runs. 
10 Table 16 shows an elemental chemical analysis of the components of 

stream 1200, the final process product, for several different runs. 

Table 17 shows the iron briquetted product analysis for various test conditions vs. 
that for the KO-61 feed without calcium addition conducted in Round 1 testing. It can be 
observed that the zinc and lead levels are far lower when calcium is added then when it is 
1 5 not added to the reduction furnace feed. 

Table 1 8 shows the iron/calcium briquette analysis from Round 2 testing, under 
more optimized conditions where the amount of zinc and lead have been reduced by over 
99%. 

While the preferred embodiment of the invention has been illustrated and 
20 described, it will be appreciated that various changes can be made therein without 
departing from the spirit and scope of the invention. 
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